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[MB] D N A, RN A, *W<?»|W>»Kfc*» 

/i^M ? y y ? h*ist\ i ooabwasi*.* y 5 
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[fS#«i] #y * ?M-f-K ^^yyju-tmm 
tfe^T. OT: ^■v-y7;^flS^,-KU7^U3r-f 

FfcHRRaafi? * a - H** . IS : BW? >J 7 

S«4i-WK7--;l'S<tfcdf 'J * ? M-f- Kgft&wc 

*>*H£4jSf 4 J: -5 fcfiM)-»fc:T---;!/3ivo*4HI 
(OiWM^feflf^ri/- h t LTfEffl-f 4=&#T 

T--frZtl&* is. 

[ISsfcJf 2 3 WEv/H-rwtfirF**, *KWteWI 

m. 

[f8*Jf7] «EBB^BIW8^ufei8ae***tf. 
USB 1 fclBBom 

i£. 

immrn i o ] HirieiiiigTa-fex £s ^ frt.tr y 5 ? 

l^^-f- K<OK£*fls<0*ffl£ 7 yVMzy yV* y Mfrf 
SIHfcSfctejKr, ll^JI 1 tieiS^Jffi. 

[§»#js 1 1 3 Krie*8*irD-fe^<o^-^< 1 1> 1 o<o 

4 ? ^A*. .try jf ? u^f- K<0KSE«c<7)^^|*« 
1 UkftTTftMih . m$3 1 tffitt<0*ife. 

[0001] 

[f&HJ3oJKt&8tfW»] J5ra<0^B*4 
i> L< fix? , J--y^5iiftS*fiJ* ; f 

i±. sea* 3- vtmm^mmyyy^ y 



[000 2] 

[^*^k«] (rajiamoffis#BS) ^amu. 1 9 

9 6*3^2 5Bfcai«S<lfeUSSN 0 8/6 2 
1, 85 9<0HW«ffl« , C* l J. *LT1 995*1 
lfl3 0BtaaB**lfcUSSN08/5 64. 95 5 

[0003J4*K^ (Mitf. DNA 

«>iSttE3r!l0>«iSJi. *«0flH8p«jSF (info 
rmation content) ( r ICj ; 5 — 

9) fcDftfft.T^s. ? y>vx<wmmm±. rsy 

HIBBCat*«-4SStt^^t^*<>^ttaittfc LT5£fi 

sit. H«<owe**ts wiE?!io7 r 5 y -sea 

tSfcftt^Sd^ffcO^T* S ( fc'-y h ) frb 
JBSSft* (9. 10) . 5>^A*jePtt»tSB88tt 
T*l.^>VN-7»(i. a^MIWIlrt*****. 1974 

[0004] ^5 -f 7? y -2> =fc 5 fc*HP£flj*<056 
*<-0^JD3iSL. J 5>-rir>8*tf)|n|}e. tii-lfv 

t-t 't l t b . %m*ii'i%. snnmimfa < c o n t 

ext ;■ ^SitrH-jCttfi^LtViS. fi^-pT. 1 
OOrs/gfl^yy^gli. 2. 0 0 0ffl«0^4^ 
S L £ ^-v . 2 0 1 o o ii "3 CD*Iffitc3zmcO®&.& 

[0005] ffifg^Sti. EM^J|lffl*S/S 0 

nmmz. n*tetjtt4?wj (fie 

xible linker) <iffitffl«HBft$4r4-* 

(8) „ 

[ 0 0 0 6 ] =j4 ^.'J-MT'SI^^^f^ffi 
•f S^t3S^j£<fflV.<b^iT^|>^(i. Ig9#*>& 

(erro r-prone) ^y^7— fe'^RiS (1 
1. 12. 19) iJiVA-fc-y H^9R% (8. 20, 
2 1. 22. 40. 4 1. 42) T'J>>3. ^<l4><»W5rffi 

*>tfgffl3*lTfc£ (GreeneriJ^Cal 1 a 
h a n (1995) Strategies in 
Mol. Biol. 7: 3 2 ) . ffc ^iOif^- 
t. r ^I*i t ) (mutant cloud) j 
( 4 ) Ut. 7C^?d(ctJ»t4«rte<oaHa<?5fflHT4«S 

[ 0 0 0 7 ] |R 0 **fe=Sr P C Rli . fik «Hfc*>fc o T 

5 y vmz i&i'K/MjKgmzmA-r h tzwz . im^ 
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$*vf#4. LA>L, nytri-^-xiSl^-^a^ 
(i. £S8WBMM8rCli. UfUra*9fcfc«*a> 

9#*>&PCR7 , nh:ayM;L -JRWK. 0. 5kb~ 
1. OkbiVXZ^DNAyyyjyhrtWe&im 

4. Sfet. ift9**fc*PCR«0Ea«M?/H±. +4 
^HOTSSSrzgK CfUiWitf. jryWKifbSMi 

[0008] :* U rfjt ? FSSSEBSBS-CU: , m 

fcayustBrrafflRSfufc^ 7*7 u — t>r > 

U <X^T'7r5'J-t^-»LT. m-OT7 r S 'J -£ 
7lc^h-TI)*®^J)l). ciwa^ytx^f- 7«i 

s^fcaB?*/i4. tetwwrsKb'i'* 

(statistical bottlenec 

k> *««L.'*»ig«aaiBt«ofcy)c*4»wfcswi 

[0 0 09] ffi^t. i^a^&PCRfcittft'JrOf 
[00 1 0] I&9 P C R{;fcifc*nOTl£?ijOT7 7 ^ 

yh«fi^**sa»«^sfcftfcttffls*i»& ( 1 

1. 12). L*»U ^SitT^SiaOtf^&PCR 
7*0 h (IK 12) Ji, tf?U.X7 — tf«9(Kv>7*o 
-t^t'-r-f — (processivity) £:SW"4. 
ffioT> :Wob3M. XOTjIfS^OT 

4. COTioKtfrfrtf'&v^litio-t. 9 P 

c Rco^iew^affl^sijpa $ its . 

[00 11] K9a**>&PCROTk3 l^wl^W 
4. ^SOTjffiiF*qS, 7'7'j-OT-t'f x. fcii^ 
WH-wt. 3fc*4a#o»R*iMrt-4 (««■««* 

US) . 

[0012] ftftfc. tf^'^ftPCROTSfX-'H 
[00 13]fi£oT. KOa^iPCRJi. AiOfct 



**TOrc4V^fc**Jia}3*ifc ( K 2) . 
[00141^7*7 hSEMJBftttiVvC. *-OTr>- 
7V-hOTE5'l7-0-y^»i, ft»Wfc. 7 

^AfcS*ifcE*0fcJ:91»3*i.4. #fe<x 
*§4**flWBrt«i. 7yyj*%m\<vWL {tth-h. 
74 77 ] J -m4 X ) t «t Oltfl^WfclWKSftS . 

^lltli^*', i O^ffi^OT^ry^^^Sr^fLff 
4 ftflOTitfiJ 7 t 5 >J - fcJWfe-f 4 . 
[0015]$ fct. li ? - HT'OT^M 

#0OTStROT^tfli^OT^ o-yoEJdSte.S' 

<smt-t& (20) . dOTrro— ^ji^s* 5 

[00l6]ftoT. ISD^^PCRfci^-fe-y h 

B£fiH»-f4fc»fc£<ffiJfJ3iiT&fc. IootM 
»±» *ftEI<oa9a*%fcPC RCJ:4«S*5 .fcWffifte 
ffilA4 , 5 >- 7 <i 7*7 V —frh<F> R N A U #~fe? U 
,-Kf-V^OTiM!RT' t 54 (13), 

[0017] m&m£wmmm?.Bi i *\ < put? . * 

RN A&it^DN A * ^Rffr<^irtOT*5|H3 

#4>OTf4^W=5r#g«i , m&Z WtkmniKWJi* 

UJtt 1: 4 ^rt(_*fi]TlitH ' 1 1 1/- . £ -Pfi o 
*»C^o-Ci»4: iO^V'SM^r.tttS-rifcii. J:') 
^#^7^ 7*5 'J-rtTJ: 0^<OTg?i| *iJ--^-r4C 

fc fcte* l t « 9 . gcmmmvmmti t vmrn* 

i^t. ffi<JflV^fiTV^4S«o«CH»»*ttWi. 

J>4. 

[0018] 7^^<o*ft<o3ifl:as«ateti3J:t*^rtt 
aepfcE^fc ctys^-r 4 c: fc srwufc-r 4 . jsit^ 

fe«0«Sti&-9TS3S-r4CfcfcJ:r>r. 31(5^*®?: 
3cm-T4 (swap) . ^OTJz^^rDNAOT^^^ti 
•/V-/ 7 D (shuffling) {i, 9 

ffiafc*ft-f4£fc£»rffifcf4 (l - 2) . irttiiat 

m S iifcEJiHrW-C . - M # A S tiASSWm L v «W 
•f^ffASa-Cti. ll«W=arfliartSt*t4J:oTft 
4. 

[0019]Marton*j(27)li. HMWKRfll 

JtftOT. -f yt*hotteft4PCROTftfflS:iattL-CV^ 
4. Martonfeti, DNAOT^ffli^/di-"/*^ 
(nicking) WgltLt. PCROTfSCffl^x. 
A { 4 1 4 <! i: Sr PH^ L X v ^ 4 . Z tUz X 9 «»£ 
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^tS. Meyerhans£> (23) h$.tz, -i yf 
hPfctJttfiPCR+tCDNAJMijWflctriifc* 

[0020] mm. waztiw&mL ( r ame j > 

5 y XVZfWhY (3. 11-14). 
^rf HiiJ:^^;f (7r-y (15-17). 
1 ac I (18) iJJUtt'JV-.M (COWfSggSfi. 

7"? y-fcSfcfcfWI-Sfcito? 

[ o o 2 1] sifrwtewu i oorsyffio^w?^® 

2 , 0 0 0 il 9 cO'Sft I) ffl* WigMtta^t- 5 . 

io 0(17 syisa^&s ff{i s 2o i ««ji'3 

x\ m^mrt\mm\zWtLWj:\.\ zii^ay^ 
i^ri^MSI (combination mut 
at i on) <0±XZ£.f&t5£VZ7V--y7'-flZ 

[0022]Winte rfe i C f 4t(3lSf ; 5£#-J> {* ( 4 
3, 44) te. 7r-^*v^.T-AT'^^^ic. >f 

tyzMW&tlh. Hayashi£(48)'±. WfoW 
*8J:lfPCRfcJ:4JMfflt* (scFv) (Cfclt&ffi 
<*C D RtMttoflrftteR-^Ht&LT . 
I0023]Caren4>(45)H. 7>^*A^-f> 

S*ffi*EKLT^S. L*»U 7'7X 

bh ta»t4 v-a -ae? m.z mmzmm.mzm 

ttttt . C a r e n £>li. aftcoatl?^^ ?;K*)ffiffi£ 

[0024]Calogerof,(46) fcil/Ga l 
izzif>(47)ll 77^; K±<0ffl|5]T'*S^ 
(truncated) 2 OCOMi^atfS^ 
BO-f yt'tffflfSUJi. >M 7" 'J -y K£g"f ££fi£U# 
SdfcS-fg^LTV^I). Radmant,(49)li, X 

A>f 7'U -y F^a5<»*5iX*C:fc *«SLTi^6. 
[0025] 

IfffiHsWIRfeLJ: 3 fc-t&Rffl] SIS* •vv^ttfr&t 



tmi"? -y 7 y yrtoximRffiBsvt'i r^comiz 

[0026] %-fl.tyx.tZ. SlflD NA, RNA^tli^ 

B J*fflS4 | t-:ii3»0?fS8{i. DNA. RtiAtWifyjt 

turn o z&mzmmmi&mj yvxtixw 
[0027] 2|s^Bjto$ t>%&mjH(,z^xii. -mm 

[002S] 

->T. fcTF : ^■Vv7/U$fXl.^#,-Ki;5^l^j}--?-Fc7) 
^ F iiaS^ii'^ "r 3 - K-f I, . ig : y * ? \y 

oW&ntctrxQ-T yr v- y t LT#ffl-r s^frTT% 

H+iajftiiK y 7 ^ u-^j-f- f$7x^ y --y^ifctt 
[0029] 4>ti jiiifii«t*j . Htria 

[0030] *36rfl < oS ^=Srl»M(!L*i«icfc^T . Mi 

too3i] *%wco%tiZ L>%&mmmzt3^x. 
ffiizvfri-fcttm%i l zmimfc?<mm&m i -<x{t 

[0032] WJ^&fcS •afc&RlHfc-feVvc . flulE 

[0033] *j&Hjj<os t^iSgMMBttjir^T. frie 
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[0034] *&w>zt>%i>£iMm£ts»"c. mm 
[0035] tfrssgrawwcfevvc. 

[0036] #f£BJ(7)&fc£ fe*6SaKHtaMcfeV^T. 

[0037] *mnz tt&mamtti^x . hie 
[0038] *sra*>$ fc*6n«wiitfcv^ . tne 

J#i|g7 , o-fex^-^< t, 1 ooiM ?/k&« % iftEiK'J 
5 ? - FfflK£fl05^^«**± fcSfcttTT 
fT*»h.a3rfeWI$S*U>. 

[0039] *»9Jtt. SfflSfltetfy Jf ? U*f- HE 
5li fcttSHRS JiX-tK'J if ? f - FEflfetffcffl* . ft 

ar, jjfj'WFfca-K-ri. siMSfi/w.-Ky*^ 

Ftf*9£ffijlW-S . * ^ RKtt^r 6 1 if-") 
1ta> J»fl<0flBt*fcJi»l8W*tt (Mi 

ar, ^m&zixfc§Mm%=F (mm. n=7^-) 
^'j^r^-H^^^5-Y7"5'j-s-, *y^7-f- 

[0040] HftWSrSfflfcfcwc. iSJRi 

* U 5 ? ^ F CO 7 7" 7 'J - 6 Jttf>tf) , 
l"E?i]y-v 77'JV/(shuf f I i n g ) j kDf{f 

oifctt>f yt#T«HliSliS<xfll4EMflW«t* 

.7 Utff - Ftf. EMtfaiJKU 5 ? M"* F £fl*-*-* 

X\ ±E«Efl«»i!Ky*?M-f-FW:. *=Sr<kfc 
1 -?<7)SI 1 <oa<OKiaE5i|--K'J 5 ? U:*?- b'ffy&ftb . 
iJwfr < fc i 1 OCOJil 2 WffiOHjIEfll* 'J * ? M-*- K 
<0^*< 1 fc 1 oOBWLfcaMJ-t £*tf . E?iffl}®i 
* y * ? Ptff - F £ ft** £ fcfcfcattUfcfflflU >xr 
•Ate. VXTn^-fixfrX'&h : ( 1 ) ifiiSifcf^HJWl 
»4«fcEa<?3l!W)»**^t-&fflHa«i4fcUE«x 



( 2 ) ffiHffl}i£S?t«i*Bjffl#4.t|sKc7)a5fi^W 

Lxmmmmijm£tzi,±x7v--y'yi}-mt££'?x 

x\ Rmmmm.p\xv ? ?u*j-FX'h&mffizti 
fcEwaautfy * ? w*?- Fii. ^<ti>i r><r>&. 

tR$fifcEfli§8tt#y*?U**FUU ^sfir<fc 1 1 
oojJiJ««»5HiHEW#y 5 ^ PsJ-f - F ( *ti&fHfi 

EW^iiK'J jr ^ HEWO» fe«rii&ftli. ft 
ffl5*i6B»i*ffi4fcJ±^^ y--V^' r *ffife:J:oT» 
4>ti6HR3iifcEWa«i4f y 7 ^ U^l-f- 

^5y-»>yA-^t&. ciwi^^att. ffim 

soltttt'j) O'flSs*. ttl\tP-9 y--> />v?.xA(C 

XArnt>>/. RNASStt. ^nvf-yflia. fl 
14. «Wxi,y». ?>><7&%£JihX ybtck'. 

[0041] «sntffl5^ffl^? y --vy 

5y-Sr4*-f6*»*lieW-4. ( 1 ) r 

^ xrn $ii7t!i?y ^Tf - Jtfir -f X7'U-f 
?ttSflc> J3«t^iJE^T^^.7V>f $*ut*ry^rf-h* 

^fcjir -f *7"M $ iiJtts:*^ n- h-t s na^ y 5 

X >-^'-$r#, -e LT JJEOB«t#y 5 9 Y&tz 

•J 5 7 U*^- F*»K»»fcH-<?5EyilolB«S-**. 
KfclStT JJBO^y 7 ^ F ifctta t-t5KH 

*J«tt^ ( 2 ) }f?l/7-«, 
W#^P C Rtfill, PCR^^7^yy^(stutt 
ering), *«i«Bc0JH»Sr7 9^>'h'fli¥Sfc 

>' F^WH^SK J; ) . P C RJfiglCilW 

3i--Ky jf 7 b-:*^ Fi /ttin h-5: . J:Z/7 7 

y^VF-ft-rSlS, PCRtUBJSit/^CiDbT^ 
SBHSSrff 0 XS. *3 J: 9 ±1E7 7 ^ V F 

£1BH»8U LT » fflSiiiK »J * ? U** F<0^-v •/ 7 
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mmwtt (mm. 1 o%z&n ) **, m<r>m. 
i^r •■/ 7/u$titzT-M±. mmm.ftmx? v -- 

4 XTl<4 ZtltzififocDyJ 7"y U-Sr«-ri.lSSr 

-? (mm. ?ywgi&u*T?-. ^r+v. sj-u 

£"*Tf I, fl*^* -y 7^$il7t5^ 75 U-> ^A- 

LtzT-lVOU 7yV-X y;<-£X9 V--y9-? 
&ZL>%&imZ&<frtZ>. Zcr>£otcy'f7y<J-fr 

*<7°j- K "git (peptidomimetic) tiifo. 

ti£v-*mmmmi. m.. %m. m%.. axtmt 

\±i"r -y 7 'J >-;/£> itf/i fcJiHfntt^^ 1 EtLh 

mffmm mm. sjgtt. mwxm. m 

[0042] 1 o.-O^SfessffiCfei >x. mi iOaffiOS 
JR£ft/i74 75 Ll-O^ 75W> MLc* 

c Rx?<v 9 'J yy. ttdktmmm:-? yf* y Mfc; 

y — mmz x hyy?*y\- it?b h . tm 
tfflv^pcR#fiii»ta6^<aiftijEj*j6«. mm* 

[004 3] l-305IIM6»fc«v^T. mottftaS 

X7yy*yh{kztx, 'fthtihyyVtyyvfeim 

b',-Kti3(tl)^A' •v7j\,Ztit:y4 7y V-(r>*W<- 

[0044] lo<0SSftBB«Ki3V^T. m<OHfroa 
fflSfU:^ 7*7 U-^ VA-HU itV-AWtS 

m^m%'<.??-±.T'?a--y7-&tMmm2ti. ± 
[0045] i o^ifi®«tfc^x . m i oratoa 



ffi £ y -i 7° 7 V -<r>* y >^-\t 7 y y h it $ fi 
mmmwifs® ( t, L<\mjjfo) m$.t 

IX x f y - A Wfc«H^TI&Sr< ^ ^ -±-e ^ n-- y 
^4fcJ4«(i8ft, &Km±. WlfiZixtzyJT'yV- 

7;U$ft?t7-f 77';-^ :xA-S:»jjK-f |>. 
[0046] loco|gSi^«Cfc^r, ^yb'hafej: 
t^-f yh'tfX'Oi'* -y 7 'J V^C0ffl^^* { , ffl^-g- 

[0047] *j&iwi. «*ntfflsfffflx^ 'j— — 
t4*ife*il«-*-4. dco^rffiti. ( i ) fariz-f 
- K-f Sim-K'J 5 ^ U'^-f- K **tr. H 1 

t|5]-^-^fiii£07 (frame wo 
r k ) EHoSKfcatrlg. «J:^ ( 2 ) PCROti 

sta+4ftfrTT*<07 y?* y v s»jR-r6fc»(c 

ityy?* >' MtL . -^ittc e t l 9±IE77/^>'hl:1f 

'J 5 7 L- ^"f- H^va- y 7^$ft^7-yUSr^B)c,-ri.X 
Stftot. -fixtJ;oT±ie^A' y7;U$ft.7tr-^ 

^i^x^'j ^ 9 vcomMMWtt maa. 1 o 

>yyN'-c(3tffi3EL^^CDRc7)ffl^* > -tir5-#^ % ± 
§ii/-\> -/7 )VZtlt:7'-Mi. CDRWm£'&*: *L 

xmnffl&Eftmz.? v --yyizmmtcr a xtuj 

ZtitzWmy* 7-y 'J-*«MW-6iafcfe*-f 4. 

^tjSbT, ^-vy7^$fL^r-;Uti. 
il^xth-7 (tm) 7 foZtlfcy 

A 7~y V -jt >J<-&Wtt&t:*>0>. W3m*9 'J - 

-yr$:<%.tf. ztiiz£*)m!t<vmtRZti&i'*',>7ii' 
ZtitzyJ 7yV-(D*yrt-*mR-$b. iMKcJCt 

S»^at)i!$ftSW-y7;l'$tl7t7-f 7*7 U-O 

> yA-ii i~^ioo o-t^f ^^^fc{±Rira<?)lS^ 
StiO. aOiELT^ •y7>Ut5£lfX? ij--^ 
[0048] «f-5T, #&Hjm otDfilSkL 1-oJiLh 

thumnmztih (zzx\ ry7v-h2*^--K 

fcii* ^ •/ ^ u ynz x *) ) mmoizz § <r> 7 
^^^McpcRmssni) . **fs±, lojiih 
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Z X'lMtt 'J -3* 9 M"^ HJir^V- hXV Z9V 
jJ-f-Ffciai-4«HtJj:t^MBH4«ffl*tf» IS ; 2 

*W)?>yj*7 y?x yhtsw* y ^5 9 i^f- k 

£>f#4>ti4 A^tt £ 1 *iS7 9 ^> y V £384*4 1 

a ; ±ie i 7 y h m«H-«)«*riJE 1 * 

fflf7 7;50<yt-tf7--/l'U *LTSBW»63*ifc2 

[0049] mnmwizti^x . *wm. ®£M?y 
w'&Z3-)r-th2*m-y?\'-yxvz9i'** 
Ytenttty-TA'*. ±M : ry?°\'-vxv5i9v 
y zmmwM xcoy vyMc 2 *my yy*y\~ 

wm*WBi-t 4fcttTC*HW4X8 ; 1 oJ3Lh«o 
l:*#ifctt2*«:fry:f*?M-*F£, »fc*i4? 

■r T-tiat 'j 3*7 ? i^f- vitf-yyu—b^'j %9v 
#$i£> 7 5 y v ts ± y * y ^ ? u • * * f ^# *>ft 
ffifflx-Jiie \*myy?*yv *'r--/u u l 

T\ t#£>ii4 l*Myy7X> hntmzX'.! <y— t' 
fc£-f y* F* 4IS ; SfSCJ: 01E«Iir 
Rft-T 4XS : &ivt\ SERBBSflfc 2*g#V 5 7 

£W*W*Stt**-r4«SU * »WKk£&°*him 
tBBt*. 

[0050] 3 *>»ffltt* S&4 2#«ry 

7V- F?Ky * ? u#f- h ££tf*4if y7V^*Pi-f 
4; i CJ: ->Tdf > 7#y 5 ? u*f- F i&h-tmkM 
i-h. zzx\ ±.me)ntc&f-y7i/-b#v ? ? 
i-va. i.&r-yri'-hxvzfuxi-vzmmw 
* xcoyyy&tc 2«7 7^ >■ h^nmz&m-f 

IS ; Mi'iL^-9-y7"^4't-ir^ix4tf f>ix47>-^A 

#4X8 ; |B|-OKWCl*a75^yK07-- l J 
>-^. fcil/r y?V- Ftf'J * ? FiE?'lar-&* 
7 2*«;K'J 7 ? l^Jff- KKW<0#Jft£aflW- 
4*ftTT. »A>il4 l*f7?^yht -If U > 5- 

4ft*-f >"SpA^-ht*xa ; *jj:rmas*i**^ 

ttJbiW)ia*R**-4IB£fi*-f4. 
[005 1] *3fflHQ&4 <DWm\t. 4 V- DfcO 1 
^m-fyru- h #'J 7 ? U^-f - F t - r>'7V- F *r 
'J 7 9 M-f- KSr Wfe 4 CI t izX *)ftUx 
4 5 vyjJt l *»7 7/> y F fc *e^r 4 c: fc £ 



7 5 ^ >- h ^il^ft t -I ^ a ^- h -T 4 *ftt RW 

4„ 

[00 52 3 ^'J^7°^HSr3-H-f4 
4^ i ;5^W3rf-HSr^ J *"y7^-r4Jt^c7), ^Vh> 
'jy^<0flffl*aflW4. 

[0053] *«B«i4fc. *)MVXm.=1- (W£Jf , 

X. ^^/^^^^t") £0maSr^-vy7^-t4/tft 
c7), ^)%7V^^Y^\->y^yy<r>mi^W^-f 
4. lowjttWMIIfcJsv^. *#»±. fiMmJiV 
A9>><? %?>£X £ fcJi-SSS: 3- H-f 4 EWSr ^ + 

IffifS : Jl^J: ';^ri-Tv7/l.$ii^ , >>f/U7^yyN- 

* -1 * xmitnm&'c ixj^^mmza^x 

4 L i 'j X- h 4 x h ! h - 7"S fcJix h° h -7-coffi^-^*) 
^rfMS y7/lx>^>f /I-Xftcolfi 

*^ - — - ■ ■ ■ 

[0054] *»HWiSfe. *f fl«rffltf!)!K 'J trf - K 
ttSr^-T4P5g) Sf«HtJJ:VRJ&t4fc«)t. ^y^* 

kkbi-^iwr. axr//ttd±wmmzmmtm 

*. *4>Ift/*4v^tt"ttf«GIILfci!!a6*) 

7 y/lst --KD if ? U^-f- «y 7 'J y 
^(SfflSr ISfit-r 4 . iHHIUfcfe J: f&ifl] ? iifc^F* 
•ftfcatflKr^rife^aft 5^4 . * 'J * ? M-f - HWNpS 
W^rSM)- ( Mi.Jf - n-FfgisSo-fe^yh) CSS?E 
«^*-&*)-fr4^«><0^rffi**iltt$ix4. 
[0055] *»HHijafc % *3J: 
tf t FJifS^^co/i^^ffiffl^ W#4 J: -5 ^rlSMfigX 

aoaBfPJfflwuKiii ( d n a t < 7 ? f - y 

tz>sb<r)V9^ yiZM^ 9 9 - . <t tftiifr^^Sffii 1 ^ 
5g $ fl&^ ) * 4 tzihtoK V9-9 KSWO 

v^r ••/ 7 y y^ta«j**ffi*ft«-r4. 

[0056] ««S<tfc«ftfeaM6^ yy^« 

(GFP) tJitf-eixSTn-KI-S^'J jf^U^HS: 
4jS-f4fcrt<0*ffi*a«L» GFPSrn 
- HI-4^1^? 9-±.X'<7)D N Ai^-v-y 7 U y^'Srff 

fc^*> srqr*-4aGe»*w?4«i^^ y -->-^-r 
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-t* (mm. mmwMt^t-ttim&m ■. 

mu t L %i: ;Klein ( 1 995) Progr. N 
ucl.Acid Res. Mol. Biol. 
51 : 2.1 7fciaS3*i4 J: (#h|»4>T' 

ft. HXiigmiE. (site-directed)^ 

4- 69) ffWmz. L<iiTSy^lO0~T5 
y»l 7 3*T<0«Stafi£Wfr**. ft©*** U> 
UttlHttU. 5SS10 0. 1 54. fcltfl 64T-S) 

0 ; ftSWfctt. JBgttHfeX* (Witf F l o 0 S. 
M154T, V164A) X'hh. 1 0*5SBBIWK:8 

* > ' <7 Hii i iZ-cil* 3 - H-TS * 'J if 7 W K>f 

r ••/ h x 7 n -- > •/ -t < t c^tz^nwmm \> # 

-7-> riSffi-ti,. 

[ 0 0 5 7 J *56HBtiS?t. -f > f haX-mi> -v v 7 

•) > rin'^frnsmsiiKmsemzmi-i. 1 

co^Sd&v »f . K#^xir^i. -v -/ 7 'J > Xt&ii. 
mm&<\# 'J 7 7 U- * hvjfir - - >J yy£t:im&l 

x^-uy^Kn-^ (PEG) ft^WfcW. 

o. i~2 5 a— t>bcomm®m&x\ ufL«2. 

5— 1 5^— b>h<7)jmWl&&X\ $)l OA— k>h 
T\ Uf U£$) 1 0 v •?— fe V V X'i/\ ••/ y u y^Rtstc 

[00 58] lmmmzm^X. KSSfUtv*^ 

t io^aswwo«aiDt*tf. a«wr*f-*>itiiiffii§ 

:?kWe.1->VYV t^DVTV^-*! K ( CT A 
B) . ^fliK-r^hU^^UT^-^A (DTA 



B) . fcJ:y^-fbTh7^f-;wry ; E:- r >x. (tma 

C) «r4f. 

[00 5 9] lO(0Jiffit:fcVvC s eX#SiX?t^7 7 

v>ynm\&. 4 yt'bax-nwFmm&iiZTf/tfz 
mi 9 yj*?9x-fo 5 . 1 1, i -?<oflffliffl^iiain 

Vf <otlhi)K i#lfeKIRjetf*l4V^ : E. colire 
cA^yA^f, T4 uvsX?yA7fi, Ust i 
lago may d i s^5l?Or e c 1 ^WN'^W, fib 
OaEfe&OfHiO recA7r$'J-!;3 V b'^-Hf . 1 
*m&&* >'<?W (SSB). 'J ^5 ? U^-^^n'^ 

r>i;±k(DwmiSLmir&tMz®mztift& mta. 

r e c AS: a - H-f&SEHiWI**^ v % 

ixmztLtzm$%m.%MK mBmrnmrniizx 
[00603 imm (-im&mt > i> 3yt*t-Hf 

(*Wa»+T«#t LTtSffl^ilS. Ts e 6. (1 
980) J. Biol. Chem. 255:55 
60;Traskf,. (1984) Embo J. 
3": 6 7 1 ) ) *JMHORaffifcJ:-3T«R*) 

[0061] lOtfO^ffitfc^r , S&Ztltzi'-'r ••/ 7 
'J y?^m±. ltT)l-7 U-t ^ >-^U^< y— feffc 

i-^T«^iiSv--v-y7 | jy^tiiias:JEtfcuT. 4 

U- h 7 ^ UsTf - H S 4 C t tcfc if iSttt'J) 4 
xdf V ^ ^ U7— . k 

t> lo^aswjo^jp^-^tJ 1 '. xdfv^^wr— t'fStt 

S-*t *a«4«W<0Wi: LT , P f u # 'J > 7 — fe>' 

mfbtihtf. zinzWEZtiti:^. flfccoagjstff'j.* 

SrH:Thermus flavus DNA#"'J^7 
— fe' (Tfl) . Thermus thermophi 

lus DNAi?iJ>7-t'(Tth) , Thermo 
coccus litoralis DNA^'J^5- 
-fe*(Tl i, Vent) , Pyrococcus Wo 
esei DNArff!J^7-fe'(Pwo) . Therm 
otoga maritima DNAtKLM?— - b' 

( U 1 t M a ) . Thermus brockianu 
s DNA-fU^7-fe'(Thermozyme), P 
yrococcus furiosus DNA^'J> 
7~ <f.( P f u ) . Th e rmo c o c c u s sp. 

DNA^'J^7— fef (9' Nm) . Pyrococc 
us sp. DNA^W7-t'C Deep Ve 
nt' ). Bacteriophage T4 DNA 
W7-fe', Bacteriophage T7 D 
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NA^W7-^ E. coii DNAtflM?- 
I (39Stf). fc«ktf?W>) . E. co 1 i DN 
Atf'J^—fcTI I I. 

[0 0 6 2] lO<0®ffifc:i3VvC. S#Sil3t^7 7 
75 U y; h X 'J * 7 Vit^r K co^ir < k i> 

£t|(l&ft^3r< k t> 2 0 %W±) StfiE-f S^fefrft 

< k 1 1 w 9}V<mr-- u >^itxtiiii^\ 

SBi. (s tutte r i ng) j k 

[0 0 63] lo<0Sffifcl3^T. KHSfuti'*^ 
'J k 1 1 ^ 7/PcO*iH#; SI 1 n 

7 7 U*?- HSi fc«Waffi5H^'J 7 7 U KM 

yy?*y vcow^m^^Xfthtihzx^S^. ZZ 

X\ %&g.ti>yy? r .X> K^il-ril. r^ri-h 
k LT flWf SB 2 nir ! J 7 ? U * * HStC.' vf 7 'J 7 
-fTTU ^LTm2^'J7 7U^f-Ha^^^'i 5f 

y9fflfti*"KU5^U*f-HJ±. T*>-7 0 l/-hkLT^ffl 
-Tim 2<D#V 7 ? M"^ K»0IWS»#£**5 5^ 

< k 1 1 ocoSB 1 7 7 U;** K«<98B#£#tf . 
CcoB&^&V^ xV7V-hk LTffrtt£SI20 
tfV??u*^m& f 7yis;i'£&fr Ku 

nke i^Tvri/-h) . Jtixmmz&^xmmi 

[0064] 1 O<0SIJ«®» (w*3 V vc p C R^f 
£imZ7]s**\imi:'&ts. <X^X\ PCRgft 
J: o T 7 7 7V 7 ML £ :M# & * 7 7^>'bt^fX 

[006 5] lo^EHfcfcWt. a#S^Lfe^v7 

•j vtrtmt. k t> i ^ rtwmmtf* f/r 

\s-Y<nxA y + >7 (switching) SrlEifi-f 

WiM^J^o Taq^y^5— fe^iMiBOfcttt 
ttfflSili 10<0*itBatfcV^"C.' r ecAifclil 
<9;KIM5-Hf (MiJf. 7^/U77K'J^^— fe\ flME 



¥8*) OiHiDtt. r>-7V-h£7)7-r 7^y^Srii3$ 
^ffl^SO+Tt. DNAf*V7V-hiffiSc7)ii^ 
[0066] -jR«*#8#> 1 ocO»BB«ttJV^T . 

ti. ^<k^9 0^*"^yhc7)ffi5'IR-- / l45: : fii1"^. 

*j*5r< k t> 5 ocoaa-rs* ? u*f-F^is«S:*tf , 

7 - fc j: h m\#w sr a t r . il^E^T-zl^ 
> h^iej^Hi^-r-g.. ^< k t> 5 otfojiai-s 

7 7 V**r HcO««^*tr. ^< k t> 3oc03QStcff 

ai-sae^feiiz/ifeiiMiaew. ^J^tf. ^ 

^ - ^ r ffl v ^ n >• t: - 7 - 1 z X h E ^fif £ M t 

-c. a^E^r-zuA^aiRSfis. aetata 

T^v^i^-K , J7 7U^^HkLT#^>fL. ^LT 

[0067] 1 ocO*J[£.W^fe t vt . ^fi7° 

(multi-pool)yt77y yfWff hti 
h« 7 ? U*f - FEW<0*fi7 -/^y^ 77'Jy 

tiii , ff S^SJV ^tyt -y 7^$ ixfc y A 7 5 U - £ 
(i7-f77U-7^^-^iMtf?$^7 e -;U) 2fel 

t i ®a±.commmsmt& «t whk ( ntux? v 

75 'J -<07 yj<-tf. is* y y 'J y^ftf^Htcfc 

^mizMi^ixtzm^r-^&m^ixnh. r- 

Jl-mimRZtitz {&tz\±?^ >)--y?Ziii'z) yA 

7^'j-<7)7y^-^\ ^fttycommmmmtiimz 

ioT5^t*H$ix6PI^3£S (inbreedin 
g) li. m&X\ £^(i:^JW-;^5^75 , J-^7 

^ $ilSS*SE (outbreeding) fcffl^ 

I 0 0 6 S ] *«^(7)^fiHEafc*5V^T . ^^*ffil±. 
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fcE5MBtU#y 5 9 V*+ K*»<5k >-r -y 7/1/3 flT 

££tJ. ^-Vy^^ntV^V^Wi : (1)H1<9 
ffitf U * ? - Hltyvf 7*1) ^4 * t>K%2<r> 
iflWf 'J 7 ? - Fat^«Wfcy\-f 7*>J ^ X" Ift 
V^ltOPCRr^-fV-, fcitf (2) m2<v&#v 

Z9U*j- K«tl4SWWt 7*'J ^-f Xlfrvi*2 
<0PCRT9-fv-*fflv^JlMBtfifaii:k:J:oT. 

flgfi, ffii<opcRr5-fv-tyw7'u^'>fx-rss 

lWiSS^Joa^**^ -?-LTm2cOPCR7-7^v 

[0069] *»Wi4fc. 4 y ftfT'OiE^Jx^ 7 7 
Efcrfcwr. giJco^-w7 l J y^Sfi. 

(inter-plasmidic) ffl iiS 

HJ:->-:#nii5. ^1^77^5 Ka'tefflSiiS"* 
5-"*TL. ^LTS-BrSSwr^Aa K15tf>|fi#';:ov»Ttf) 

««0^S'c J: h v-v -y 7 U y <o^rSHl^ft$fL'# 

s. 

[00 70] \-rxr>WjfflZ&\\X. »0<?5x-v.y7l)y^ 
"friSti. 7*7X5 W(intra-plasmidi 

c ) mmtcomzsts. EwaitusfitoK 

y I/** KEWtf>9 -f 7' 7 «J |q C7-5X 5 K 

ViPeomB&mt t i tflfeiii . do-St36tte 
^T. fflftji.&fiSEfll'i. ^tt^*fl»££H£|R 

tg?ix. -eLT^'Jjf^U^f-HJi-^yT^ny ( i n 
tegron) (^JMg^T^fc LTtgffiStll.. 
Hall ti£tfC ol I ins (1 995)Mol. 
Microbiol. 15: 5 9 3 ) OJ; d&SM4 

't'Vy (Witf. I S 1 ) 4 ittJjfAfiyi] 



fiMi U > y h OK* £K#-TI> fctf> fcttBJ S ft* £ . 
£ftfeoirs»KoaifUet?;Mi. 7c#^E5iJ7*D.y 

AiS^JT'J) 0 . -eLT r |3fl (homeo logou 

s) imnbhmnimmcosmx.it. tmmzii 

jlWoaDfiltfe^TjnilWSfit. L*»U MutLfcJ: 
tfMutSfflBlcfcvvC. dOW©J{ifi||^$fLTfcO. 

4>T##t iTfflaZtlh. Petit^( 1 996) 
Genetics 129:327). 
[007 1] 1 OO/iififciSHT . ?g±*ffljj&0 

s i-T- i oss'c s xv *-&EaNg 

h. MWk (mm. MutL, MutS, MutT, 

*3t'±MutH) i>&wm\it?y/w&%m-tz> 

i\!X7)MM (XL-lred;Stratagene, S 
an Diego, C A) (±, A >\ztfX'C0m&MZ 

i. hW,Fmm#V J 9 U*f - Wy+ 7 U y?<ntz#> 
<oa±«Bfc LTttffl^iift*. 7VU-7 u-r-f y^ 

(mutat i on-prone) «±iBIBSb6»4fett 
fB3*lf*4 (*BBllll»+T#*i:LTaWS*l*. Fo 

sterf) (1995) Proc. Natl. Ac 
ad. Sc i . (U.S.A.) 92 : 795 
1 ) . Mftcr>-iy_-7--9-ft&mmZtlft. R*fc. 
ataxia telangiectasi afflM (ffl 
US. -WBM»+T##i: LTHffl«*l& . L u o <b 
(1 996) J.Biol . Chem. 271 : 

4 4 9 7(cR«8<i& ) fr^uraaut^qimjHMi 

[0072] m±Mmzit¥M%m.£fzi±mim£m 

m^ik^-t siSSrfi-ii-rs . fflwo-f y h'^fc ii/-f y 

il^TV^ :MNU, ENU, MNNG, -h-OV^SS ( n 
itrosourea). BuD R&fc*. 

it . s*2r * •k*>&*v/± tzimmtmzm* 

S-frifcAfc. Witf. -f yh"^t"Offl^i^ii3'i-tg, 

ffitttHRti J:l«fefi*S«Bif6tt (clastogen 
i c ) Wifc, ISMUE*Jt*-f 4fcft*JJ:^/±fc 

6. 

[0073] 

f&tcstts 7 y^'A7 7^> y h-fbfcJ; v-f-^jlfflft 
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[00 74] ^fMHJiDNA. RNA. ifcJi^W?? 
t77'J y^t=fltS*i.&5Qt!B»fc^iV^T, 54 7*5 'J 

[007 5] L*»U *«W«rS'!>«:B«:JWff4» 

[00761 *ty®mx-tm*iuttTnmm 

[0077] nWMZ. SIS i'DNAi't ■•/ 7 'J > 

t >"C. D N A > -v v 7 'J > /"ii^fflPl^fflM/t 
(ffl/ltf. cre.'lo x*j JX f s^ti f 1 P f r 
t^rAfth') Sr^rt-4SaS:*»ft6. fe^X . a 

tin. z tx^K^wmmmiz&^x. mnmzm 

WfttWMnfH-** 5fc iV/± fcUrfHFW 7'J 
[0078] ffitS rqHij (i. «R75^>>'K03t 

-iSctftiJD-fl. c: t . 

[00 7 9] JflR rR-fcj ifcH r|a|-ttj»i. 2o 
££B*-f 6. r l§]-<?)f5ffij 12. &K7 5*0< 

>- 7t(i^'j * ? is**- Y<mm.tz\mm&. w> 
i o o s o ] mm r ^jB5-rs j sku * * - fib 

HE?ijtis]-T'S).g.^ t smkt&tztoiizwmmiz 
a^x&mtiz,. nmmz, mm 'tsif-r i>j * 

miznmx-hh z t zmtztzib t^mmx-m 
zti&. nta, mam ^tatacj «. &mft 



TTATACj KftJEU *LT«BEW r GTAT 
A j fcffiHWT*6. 

[0081] OT^ffllSti. 2*3&Jl0)#V S 7 V*+ 

SSS^Jj . r JtifJS(compar i son win 
dow)j. r^ij|sl-ttj » r|e?Fij|ii-tt^N-- te> 
t-^'j - feitf 'SgRWarH-ttj . r#H31E?iJj 
(2. S^M3R<Ofcft<oa*i: l/CWH3fi4fflJ&0E8l 

^.«f. E5H*t^itS^cDNASfcJ±ae7-ffi?i| 

^cDNAifctiae^sws:**^*. -taw 

t=, #BBI!JiJJ4jJ«Sr< fcfc 2 0* 7M-f-F<9ft$-C$> 

0 . IB»c»4iWr< k t> 2 5 7 W** H<0*ST* 
•3. *L-CL-tfLtf^ ! Sr<i:t)507^Wf-Htf>*S 

20tfM? l J*?M-*K* { , ^-ixW (1)2 

(2) 2o^U5^U5j-f-H|S]T'i:^fc— SkL^r^S 

[0082] #9Sffl»Tffiffl3;h.ft r JtKSSj J±. 
=Sr< fc 1 2 0 OW&t h J 9 h'<OffigCDlfc£±<59 

< k h 20<nmmh * 9 U*f - HOlM!iEWkJt«S 

KK^iJoa^*^ 2 mW}\<r>mtT yjyjyhcot: 
Mz, #HSiE?ij («*4fc{l««c**4«rv^) tz&KX 
2 0XOTOft*l*fc»l** (1-^*>^-vy7-) S:^ 

Wyhll SmithfeilWaterman (1 
981) Ad v. App 1 . Mat h. 2:482 
^BrfflRttT/P^U XAKJ: O.Needleman 
fcllAlVunsch (1970) J.Mol.Bi 

01. 48 : 443?)ttW\&Ty4y*yh7>l>3' ] )X 
AKiO. PearsontiilfLipman (19 
8S) Proc. Natl. Acad. Sci. 
(U. S. A. ) 85 : 24 4 4cO|HJ^S^{CH-t 
S-if-^iO. dft^W/Prf'JXA (Wi scon 
sin Genetics Software Pac 
kage Relea.se 7.0. Genetic 
s Computer Group, 575 Sci 
ence Dr., Madison, WIUfctt&G 
AP, BESTFIT. FASTA, fcil^TFAST 
A) tfjayta-^JdfTtJ:*). ifclitMEfcJOfTib 
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i o o 8 3 ] mm TOii-ttj {±. 2 o^trij 

a^Ym^x-) w\-x-bz>zk£M&t&. mm rie 

<ommst<m.mzhtz-?xtmi. isi-^Ksa 
(wttf. a. t» c. g. u, ifciii ) amucom 

mzt5\iX£.th®.W.<r)W3:ffl%.l. -8cL£{MOffc 

~&Ltz<m<m*)mmLiz&tfhm.(r>tm. 
3r££ix4„ itwmv'mzthhmm r nit 

Z.X'liXWtXsJrt-Yte. &tc<kl>20<r)Z9\s1t 
f - Kfifcif OJt*M«fc*>fc 0 . mmMi'J>-%< tl25 
~ 5 0 * 7 UtJ- YmgmiiZbt: 9#flBBMfc Jtti! I 
X. 3>%'<tt>S0 SSOffiPJR-tt . # i L < !±4-& < 
fc*»8 5»OH-tt. £LTUfUf9 0%~9 5%0 

EWH-tt. ft ta#i;(4^*< fc i 9 9%cr>w.nm- 

SrlTf 4iE7'J*S-£L ~ >! Tl±ffi?i| Fl-ttW <~ fe 
> ^'J* 7 UsJ-f- KIZ?iJ*#03ffi?iJfcJt/<4 

CiCiO^S/l. <Itf>sK'J*?M-f-FffiflHi. it 
Szmj§(C±>£ 0 . ^f*:T-#H3i2?iJ02 0 %J.XRD$:ifc£ 

[0084] «ff«r = mm&ii. mwm&irr& 

yy. feW/n-fi/ytJiD iBMttlfctKn*^ 
■Mtetff 47 5 SMcofjU- Tli-t 'J yfcilfXl.;}- 
->-£'£> >9 ; 7 5 K£*lfflg(£qrf 47 5yg?<0^- 
T\±TW?*yti±vyt\,9 S VT» 0 ; *#8iHtf 

d >y , t$ itX h 'J r h 7 r yT*£> "9 ; igSttfPMSr* 
l-4rsy»o^7P-rti. iii-'y, r/Wf-y. fc± 

txf-^yT"$> 9 ; *LT4*^*tfffl!»Mr+47 

4 . if i L^ffi#«7 5 yi£<7)W&?7U--r{i : a'ij y 
-cK yy-4 y cM yy, yx—j^Ty— y-f-uy 
y, D^y-7/^-y. 75-y-A*yy. mx/r 
xj ^y^y- yiv t s yx-h 4 . 
[0085] mm rffllslj ifctt rpiS (homeo 1 
ogous)jti.ft41 1 * 

&W^7Vy4M-issy%i®- (Hitf. ftijWSJ: 

ft*. #*L<(iH-3rfi«ttft5 bp 

9, J9#4L<ttffl-4«i«±10bpJ:9£<T* 

4. 



[ o o 8 6 ] fflis r^HSHj &4 i^mmmw 

flj<0 1 *«8ffla»«4 fctt* OfllttBty N-f 7- >J *W X 

7> y h 4 fcttitfi; 5 ? Vtt mcotmttztetf 

£fdmmm$mzii-f&zt$:mkt&. zoxo 

[oo87] **mmxmnixhmm mmi a, a 
m.-mmiza wmtmizmmn ttt>tii m&HW 
s-v%3 . ztLtzmfeztvk^tfWHf. thysAizb 

V^TIi. hhCD4Jtg : f-|±. v>XCD4»5^(il 

?y>v&*n-YLx^hfrhX'h&. 

[00883 lffir|fiaj ji. &$7 5^yhj!A> 

/^t'^g14t'^)•), -eLTft«WfcU4. ^«tJi<5)ii4T 
5 y KE?iJ ^ **-r & ; t SrEHt-T 4 . 1 o^ffilcfc 

[0089] mm rW&*y5?M-?-Fj ^'J5 

■rs. 

[0090] mm i**yXVZ9V-*1-Y j (4. jK'J 

'J 7 ^ W^f- H tA^-TSK^S^fc J: VMOBK&K 
Ei*-f4„ 

[0 09 1 ] ffliS rfljBfj j±. #Uif^u^-f-HtB* 
Xim-?& Zt. fc L < fcfatf 'J * ? - H £«8-f 4 
Clt. 4^{ig?*WPCR#i^, PCRX^-y^'Jy 

?\ -r 7ruy^+;i'77^y Niiifa. t>L<<ii 

[0092] *BHiHI*T"(Sffl$il4ffllS r^fflj 14, 
'J5f^U*f-H. <tBS7 7^yh, 47t«±^yA-^K 

i7t(4^yA^Mo|aI t7r 5 

X t, M^r 4 ^com^r £Sifrt4 . 
[ 0 0 9 3 ] ffllS rftjggiBf 7 5 ^ y h j Ji. 

*L-c»jgsi9i»(t^r4a»75^ 

yhSrSift1-4„ 2-ocoSK77^yb (ZZX'iil 
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2o<0JWr«1«gtt»7 9^ > V . 

C 0 0 9 4 ] fflB r^gj jj % »££&iKE&lOEHtc 

[0095] 3MB«Mrct£ffl 3*14 ;K 'J ^7'f- FSlEfc 
if ^ L-^-^- Hie^iJco^Effly^^ii 5 * **■?*") : 

Ae5?^!|^)0 5• *S£>5' fflJtCTi) SDN ASLhOlE 
?llfl*££ r Jt»Sie?iJj ><-H>; RNAilaltE^** 
U ^■l,T^-^*RNA^5^E^S!ft^)3 , *S*>3' H 
t~&6DNAi£Lh^E?IfISr r ToJE?iJj 
[0096] #gKB#?fiWB3ft.4fflS r %*(-i?ffi-r 

i: it. **iwki=*ssii4j:3i=. AiMfcagss 

fcJlHi3ii»4*lls:v>3, Witf. flMft«*»<b35«8t 

[0097] 3HWIIMFPttfflSil4fflB r ^fJj -ft 
mild. VLS I PS^7"f-HS?iJ. *TU5r^U^ 

^ ij ^-7 r- : J<n^r^- H-f -< ? 4 7' 

?'J-. A^rU3j-7T-^a* (Mitf. s cFv) 

ru'f 7-f7'7'j-» *fcttMtf. wrl xb. *fc« 

l£g?M2tllA9V--yy7~/*<<liZ'&)sbhZkl l zi. 

\s-?-kLx<r>mwi&mzr>^xmm%ixh. mm 

4 fc*»4.I fcfc J: 0 - Wfc0)9W<?1ffiE.#mf)4 

^^mmmmt^mm) t ix^mm^mz 

owCi¥ffll£ii4. 

[0098] *TOiaT6tffl SixS J: d fc . >"3SK»fc 



tf>«iHF8J:0k»rc*>4£fc) £»J*U ZLXift 
£L<limmmzmWiZizt:WMi. t&mtfi. 

h£xmtt?ne>ci'-%< ti>mo% (vumizm 
[0099] wnmmx'&mztihmm r^a^a^ 

frj li. flit. pH. 4*^3**, «6tt*. tJJ:VH« 

h aZM&toZkmi 5 0-200mM N a C 1 S fctt 
KC1. pH6. 5— 8. 5. 2 0— 4 5°C. ti£lf 
0. 001~10mM 2W^f-^y (ffltli. M 
g + \ Ca") ; jff4 L<(i^l 50mM NaCli 
/iliKC 1 . pH7. 2~7. 6. 5mM ZMiltt 
y5r^*L. -eLTLtfLffO. 0 1-1. 0%<mWs 
m&lfyW3 (mitt. BSA) Sr*#tS. 
Vtt^fflvSttS'J (Tween, NP-40. Trito 
n X- 1 0 0 ) *». jl^O .001 %~2%. ftS 
WtttO. 0 5%~0. 2%(v/v)tLHUf#4 

»(b(ctt*ft3Wiffl^rieT*0fl* : 1 0-2 5 OmM 

NaCl, 5-50mM, Tris HC 1. pH5 
~~8. ZMiittV ( lWB4fcJi«R> &XV/±t: 
{i&Jg*^- HWJ3 J:tf/4fcU^M ^^ttflLBBSttffl 

tzl&tXffl (scintil lant) coM^r^jDS: 

[0100] *BJ*0»tt3^T . ^^&tj/\-f 7' U -fe* 

uaff-H (wttr. asi^y^^u-^f-HtKaiisix 

cja-CVN'f 7" 'J -x H 5r»PJ<; L^r^X F U y > W 
7" U y-f -tf-v' 3 y^frTt*. » 1 'J 5 ? U^f - H 
UflBfeL-C*2<0.i?U YWMzi\4 
Xirh. 

[0101] *«!BiNI»T'ffifflS*iSfflS rjn^tSHtj 
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It. -•KU^.7"^-H^tio^TV H H^>f yfc^yVt H 

V (Witt. [G 1 y — Gl y — G 1 y — G 1 y 
-Se r] ,) Srtf-LTSl&Sft. TZSJF$kti£V/ 

§ . w*ar. mtumt?- MbK'j * 7 u** ntris 

-psfirr (tether) -feT".* >h%-& 
-Mt LT. s cFvIt JHfitttHrCfc*. * 
*iJMMi-«fc, ftSTWJ yx-n-y TiV-<r> 
SefPfcJiOSWtWta-HSiii. ^-&<fci>10{I 

oHft-r s 7 5 y sot 1 otiiw* >j f - r/» 

h*^^rl.^W^S-CS)S (fllilf. The I mm 
unoglobulin Gene Superfam 
i 1 y, A.F.Willi amsfcil^A. N . B 
arclay, Immunoglobulin Ge 
nes. T. Honjo, F. W. A 1 t , tJ«t 
T/T. H. Rabbittsf (1989) Aca 
demic Press : San Diego, C A, 
3 6 1 - 3 8 (*HM**(c*#fc LTJSfflSft 

JR. tHDW)lM. MJ. 7**\ ty^\ * 

g/n/y >-x-y>--7 r 5 U -il&F M^+#&g|5 
-ifcUfSK (xfb-T) ) KJWfclS^WttStR* 

[0102] *wmmx'mzti& i o K. AH rffifflj 

ft^Wj TCDRj RabatfcJt/C 

h o t h i afcj: DflE£*itftflSlgttfflli*»? . - 
jftlc. CDRcO?gf8(i. Tm&M^tfcMtiMFI 

TgjV-T (Cho t h i aiJitfLe s k (198 
7) J.Mol.Biol. 196:901;Ch 
othiaA, ( 1 989) Nature 342: 
877 ; E. A. Rabat £>, Sequences 

of Proteins of Immunolog 
ical Interest (National I 
nstitutes of Health, Beth 
esda, MD) (1 987) ; fcit/Tramo 
ntanoib (1 990) J.Mol.Biol. 

215: 175) fcLT*>4fcttMl&. ^BWHWW 

s yjtanott 1 0 5~i i 575 y» (Witf. 

7 5 7181 -110) ^<4>jWflV>4fctt* 

I). 

[0103] f&s&uiv vtf>«*TT3BB«4fcJ±S«[ 
CDRttD¥tf3h.6 3-P©*aBE=Re<RW 
tcj; 04>Br^ix& r 71/-AV-; j 7 
W-a v-?%m.& J; IXC D RcD&fflJilEfiSfcrsyiSix 



( Sequences of Protein 
s of Immunological inters 
etj E. Rabat£>, 3&4JR, U. S. D 
epartmentof Health and Hu 
man Services, Bethesda, M 

d ( 1 9 87) HMHwifc) . mttmmttdin 
<m 7 a 7 - 9 mm^minm^Timmm s tx 

^-^fBttfcSSKHfcR- (»8 5%m±. 518149 0 

%-9 5%mi) •c3 [ )S7U-A'7-7^T'abi.. fii; 

7^£7)^Sao. 

[0104] #BJi«»T'i:ffl$ft§ffli§ rsfX*?* y 

[0105] ^HflSfflST'teffiSfti. r 7 y^A^r* H 
E?iJj<4, 2-?JiLh<075/K ; tyv-fr<o&7, *L 
T»W^7*o-fex^/iJi7yy^7'D-b^t«J; Offl 
«3:h.*75/»Bfllfcn3. 7>^A^rf-H{i7 
U-A9- 7 * f— 7 4 ^{i-g-M^f— 7 

[0106] *BW»TiefflSiis r 7 yy^^rf - h 

7-f 7*7'J-j It. -^vYcKjyy^yi-vzn- 
ix^co^'J 7 7 Ix^-f- HE^flCJ: 0 3- H 7 y? 

[0107] *Hwwc , ttfflSii4fflB r mmyy 
aj « % i»je«<i3t^rsEttt* , ffca5iio-fe«yhsv^ 

ffiS^0ii7y7'Affls<4. *4aKo3aaioasfl:s^ 

[0108] *Hjai*TttfflSii6J8B ra^05B5ij 7 

7$rS^t LT. *5y^At:a«Sii4ffle«KiJtf5 
•fe-y hSrVH^ ; . ffl5g^E?ij7P-A7-7{4, 

/9 mutt ^fi£-r & t ^rbs 7 5 ;w&.m<r>*L 
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&EW*H: 7 YX'hh . (1)2 Ofl*>aaw>7 5 ^ffi 

<^±tc 7 £ i o v-<7)ie?ij(i , ( 2 o ) 1 « m<r> 

KHOirvtffifrraOf*. *LT (2) 2 0ffl*>fi£3lW> 

T 5 yftfc 1 0 7-colS?iM ( 2 0 ) 1 » 

4 fcli£*T*f £*«H£fcfll 0 #>Wu ( 3 ) 

jwsii. *<t«i.<^BBHcai*rarircft 4 2 0 mn&& 

WI»i!Wo»*»±>)«)^<*&i»i|oi>-y-b- 

4, SJeOaSH»±. TSyBffi^lifcJdsK'Jjt^U-* 

i>m£\i. £yd (NNK) iofcitf (NNH) 10 li. IB 
.^8T?:&S;:?El8*ft4 (Z^TNJiA. T s G s 4?t 

/i(iC arSf") , 

[0 1 09] 3^l&rci®B*iiS rxh'h-Tj (i. 

fflr^ffiL f#4^s£(ifBW«^W-3frfr£l^ . 
ftfSEWC . I do J: 0 *Ste«SflUHii C D R<0 1 oJ2LL 
cor 5 /BgttOftTfBHSttJ: LT*£ix4. 

[01 10] *wmmx'&mti& ^^79-1 a, 
hub. i!ttiflfi<o«i») traM-it^o-M* 

ft£J:VffilM??:££-f4) , ttlH:^-. K* 
^fcitfli*:"<?«o*a*. IP*, fc-fctf*^* 

[0111] #0j!;jf#T1Sffl£fi4 r «j #y K j y 
«5i8BW-& tZblz* till . ft? ( £ fz HJWHPate 

[0112] *%'ffl§T-ffiffl$ill. r ij j i fcu 



2o*>$HF*{I<J:3fcflW-6*i*. £*ifcJ:9. 0!£ 

^ittsWWTu-fer^-tcis-fr u#4 . 

[0113] :Wiffl»Tfiffl'Sii*Jf!II rfttHttte* 
S3£;fi4j ML «liWBffifci3tt*#y**U*?-Fx 

sj . mm. ru*i—9-&tz\±x.y/\y*r-t>K 3 

■WTBtiilSSiti. fHKWIBteasiS-Snifcli. -ft* 

wt. a»*ii&DNA^i*«»»tf*Liitt»ti« 

l. 2m?yjwM3-m®£&wtt&zttf£>m 

[0114] awB*iw+rttfflSft.*ffla rKaaE^a 

[ 0 1 1 5] HRt. ^^y--y^«. **>iigs 
2x^rn-fexT-s>.g». a^u. HffiiJiVflnafl^a 

*S8S?-e-*-OfBSfcJ:oT|nIl*t3tl*Sil4^^ 'J 

*LTfl6tf5«IWOEtr*-6 (4fcJ43!) . ^^y-->- 
^V-^-tLt. ;^7i7-*', /9-^77h>-^ 

-* - 1 L T . XMii J: tXWHtttJtfiSWW feii 

T^b4^\ ^fratfcv^T. a«JlAfcJ:oTff*>*i 

4. 

[0116] (umm ) aii't ■» 7 u >-^«±. a»7 

7/>yh 5 ^ ^ f- Y0)7-)V*A yf }- 

p 4 arm y tMrcRawfc«Riaifti-r 4 srft-cft 

4 . nSHSBSe^iJ 4 UjJ* U 7 9 WM^m , 

5 y yj± iz t fciijRK 5 ynt 7 5 ^> y t^b l . 

[ 0 1 1 7 ] jfr-te y hSSRKRi: {iJtBSt. ^ Y 7 7 y 
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if. ( 79 -f ^-JaaoEflflHR* LT) EW07-/P 
[0118] RlMWHKteoHTift 0 P C R J: 0 

Hit, ^HBIWCKBSiift dna^77'J y 
P6li!9( (-ffcibfc. ^ttmRNAffefcOfitflO 4»4>* 

(^•y7';y^£s-inr&) t**L»s. wis* 

£fflttttftSg(9« ( rcDRj ) oMft^tt. -HBcoH 
»tt»R«fca£*l.& (HI ) . HfcfcWC. ±HCD 

6. ^-V/7i;y/{i. £TC9CDR1 fc^TOCDR 
2 i tf£TOC D R 3 4- 1* k 4?Srffl*^i>frtfMft 
**?Tlfifc:-r4 (01) . 

[0119] £tf>*tfe»i. aMBRJ&C**j£i'ePCRfc 

ujswri. pcrt'»±. ^m^mmmmzmm-t 

[0120] ffi|B|«r«WCaafeW4t&<OT.- OSUti 
tE5H 7 r 5 'J -cOp< th. Z<7)Z 

5 it h- rfcStf * ) C D ROffl^-g-frtfSrfi&jtf- 
§ . 12?'J<7)^SCC7) 7 r 5 'J -**|B| tRjetCfe is -V v 

U^lifflWWWffl^fiHWiOT. ffilitf. CDR1 
ii, CDR2<0ffl1TCtUl{ljS<l*V\ 

[0121] ^ixt>-^ y 7 u yymi%mcom.&cr> 
{man. wm<7)wm.<?» CDR&-&-*. ^l-chx 
^co^-v ••/ 7 u yrmtttiizzti^mtitzimmz 

Sr^TaHRSflfK (HI ) . 
[0122] 10 OfflOJI&I.MtKSii^ffittEi^r 
-/Wc4*1"4CDRIi, 1 0 0«aiJ4"CJIIW3G£3 

[01 23] RtttC, tt l JA f **PCR«4fr<«!«S 
<tfeCDRtHtBlliffliiW+{=*% (HI). 

[0124] *^O^C*3^tiSffl§W#l»Ty7- 
U-h.-Kl/if ^Usl-f-HJi. DNA£fc{±RNAT'&9 



DNA79^>'hO**Stfl5#LT*'»0*S'C* 
0f»*. #4L<li. f-y7 , W-h--KU5^U^f-h-{i: 
5 0bp~5 0kbT*>S. @W£>?y^?SI£:J-F 

[0 12 5] fvri/- hsK'Jjf?M-?-h'li. PCR 
KJ£ ($aMfflFJII4. 683, 2 0 2*iaJ:tflI4, 6 

8 3. 195^) ttitemm<mmikfdi?a-=.> 
rjsmtismtbmiHziiWbtmi. l*»u 77 

y Ktf iUfcP C RW'^ffll77 -f 
[0 12 6] f yri^-h--K'J5^^^h'{±UfL 

tih 1 *®tm7?7* y bofwawsv 

[0 127] f vru- H^U5^U^H^|5]-=5r{@ 
£:T*41^4fctt2*»Bi«7 9* r .*:'hj& 1 . 

[0 128] 2*Ji#U3f^U3j-f-H'ryru-ht5j: 

v'fi«<offiSo?iis 2 #g[7 7^ y b ifctt 1 *®i7 

7/>7Mi. *«j5bp~5kbJaJi<077^yhfc: 

7yrAWi-fb$ti.5. »iL<<i. jyyAy??* 

yhcO7^#${±Wl0bp~l OOObp-C'S)0, £9 
i? £ L < li D N A 7 7 y h # £ lift 2 0 b p ~ 
5 00bpT'J>l>. 

[0 12 9] JbSV^Ii. £ii<9--y?£#^S2*£g1£ 

HS*l4. =.t?«±. 2#«i«»m*Mtfcftl>Wi 

P~5kbt-i>0. J; l 9*f4L<<il0bp-10 00 

I 0 1 3 0 ] ^K77/^y Hi*»«J*44*ffifcJ: 
tt»7 5^VM±*?U7— tf (n 
DNT— fef I 2£JiRN7— tf) ^ffl^TJH-ftS 

1- « f- jL-7*oiijifc: J: o 7 y y&tzwm ztin& . 
[0131] aa*«i-3ja±«ottiBiiw*fflv^T«MW 

[0132] ttKflJ 1 -3W«®R»7 9 ^ y 
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1 0 1 3 3 ] »£tt+*!>»ari«pje«»7 5^ V h<0 
aUtf^fcfcftlOOfflr* 1 }. ff*L<li*J«flr<fc 

1 OOOffC**. 

10 1 34] £<0I3K\ l*^S$7 7i/^yh^!t 

fc*>fc. 7y^&2#$&K7 7^yKC»£il 
»4. 

[0 13 5] 2#«»5V^A£flJBr3;fifc % 

•y ? £ Ail f> Jx£«i£7 y ?*y V ffi$kWfi. Z coxm 

Ma3*i.4. »«LfcDNAi±. SiiftSg. aaufflfrD 

t'c7)iaSI03' *Si:LT#fflU#4. 
[0 136] TV?V-YX>) Z?V*jrY'\<ry£.%<F> 
»A0Wa3*l4*&. r>7V-h--KU^^^f-K 

nm-mm^t 4 i^mm???* w±t*t2* 

mm 5 > M i . ^KBtit^T 2 0 £SfgBUH 
lz . J: 0 «F4 L < « 1 *ffiSEH7 a8te«Kfc: 
ifc'CC 1 0fift@iitt£g&ni3iife4. 

[0 1 37] m%h&m&lt:Ty7l'—b#V 

?ixiz&%t&WiMy7?'x>h<7)tfmtimi ■. 100 

3R («itf. afl3ix4*BS«Rttte*iv>T*ttO 
&^3Ht££t4£li) *Bi*1-4rt:i6fcJJrHS*tf# 

4. <I<OJ:oSrB»|-C{i, ^yyi^-fc^K'J^M- 

^- k 7 ^ ^ y b taans *i#4 7 yyA.ffi{m&mx 

Vztuxi-vyyT'jyhcoitmte. mi : 

1 0 0 : IT* 9, ZLXJ: mtKlil : 1*»£>4 
0 : IT* 4. 

[0 138] 7^mfi?«l77^>' N<D*g£ 

*Htt - 3Ett £ ixT 1 *M$R7 7?x yb%l&f&L, 
ft^T'iftf 7--^£fl4 . flil<=0 1 #fli&I?7 7 ^ y 

[0139] 7yy2*%%2<7)WM77y*yhit. m 
stttsfcAfcesiflyt^ftte tits . #a l 

<li. ?SS(i8 0"C~10 0°CT-$>D. J: Officii 
iSJgte 9 0 X;~ 9 6 *CT* 4 . &K7 5 y h *SBt 
■*-6fc«>t:t6ffl5^Lft6lfi<0*SU. ( 3 6 ) fc<fc 
tfpH£f2£-f4. 

to 1 40] imt7y?jty hir&wthztiziiiom 



Xf7--^tmi>. ff£L<li, iSmt20'C~-7 5 
•CT'fcO, J:Oif^L<(±?ajg{i4 0'C~6 5"CT'* 
4. &mm<D#m^LX 4-itd\i<?>miLt:mm% 

JiJ:9E»=fc4. &t4B£oa*UU 1*«*»7 

[0 14 1 ] Ii£kt1? 'J xf-U-y?' II 3 ( rpE 
Gj ) iftliWDfciDJDlJixtlli. OtiUEiiff 

£L<te0mM~400mMT'* , 9. J; 9$Flfc L< (iifi 
Wmtl 0mM~l 0 0mMt*S. StdKC 1 ttdi 
NaC 1T*9#4. PEGtf)iBgii3F2 L<ti0%~ 
2 0%T*'3#. <k9ff£L<«:5%--l OJ^T'i&Oti 

4. masfi4«^i±, i"5»^ffi»a35j:tf/£fctt 

PEG#ttJB3M»4. 

[0142] *|£. 7-->l/3*lfcfltK7 ?^ y h 
li, fcffi*>M5~ fe'fei^dNTP dA 
TP, dCTP, dGTP. fcitfdTTP) <7)*H£T 
T-f^A^-hSfl*. ttKtfU.*?-- tftt. K 1 e 
now75^>'K TaqW^7- if. ttdiMti. 
7 )-fftfc , V>TftI^.iXl)ffigc0ft!!ODNA--K'J ^ 5— tff 
»0ft4. 

[0143] SfflitfcfiWSiti 77o-fl±. ^fLT 
4. 4 EHtf/bS Klenow^W 

5— fcf* 1 , 2ox:~3 0 , cwiaor--;i/iBSTffiffl$ 

m#4. S»«lii«Sit43ai<0R*JtllP-r4fc«)(c 

r=-/Koa«&SMi:**»4 . 

[0 144] m7--^jy-/<7)m. 7-- 

tt»7 y M^jnsiim . 

[0145] ^U^7-HfC0#flETT<0^tt, fc 
J:W y^ a^-j^ a yco-fj 9 Mi. j&WllimX'ii* 
Si»0^A"!'7Uy^4fcUI9H4Sa)ftLft4. 
■<M?7mBf3«0S*9iI$i'i4.«3:L<fcL ^ 
^;W±2ia-5 0HUS 0x1$ ii, J: Off* L<ttSW«l 

1 0E~4 0tII^ , )3I$ix4. ffllS r^ 7 7'jy/j 
tt. P C RiM*i4fc{i»MOiii|i^$:^OA s M^^lc 

t. >-^-y7'jy^{4, mmtsw/ttttArv-- 

ommmtiz^x) mmztiimit. mm 
mmmwumz-. **ymf& mu$. Levi 

chk i nft, JJE) £if£*»»4. ^ja*W'5rtffl 

<itv^4«^» ate«rsfl*aai£ ) fc«»^*«r. * 
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[oi46] nn>tihm»t. mob P -*io o k 

<(ii O^^^-KU 57 M"* FJ45 0 0 b p~5 0 k 
[0 147] i<0if)*&sSr^y^^U3j-f-H75^ 

yM4. T-yTi'-Y-x:vz?v*1-Ytm±*Z:Z 
1ft h tm 7 9 ^ y h 0£ < cr, a e- £ K8I LT 

HfcBH***- & 1 *«8»7 5 > h 4 fctt 2 *■ 
W®7 y-v 7 V y^firfc-fVTV- 

[0 148]&^T\ £ft.&«75*0<yM4SflJ$:-'<. 

[0149] m-G8M7?yxy Mi, «PR*«fliHk 
i.9tfL^, PCR (*ffl»fr*4. 683, 19 5^ 
*5j:tM. 683. 2 0 2-5) fc*t**0>;fr{fcfcJ:D 

7 u-^y^-f 6 ffift*-O^IS7 y Y £ if H-f 

<5><l»4ii:36»SBISix4. *6V*L g£#tt(4mJ:#; 
\t%tihZ\k%< (Wttf. xl^bo;KP-y 3 y. 

[0 150] ^o-^y^fcttfflSft.i'C^Hi, < 
7^-*Wa^±&$<0DNA77^yhSrS^& 

^T^fiffi^fi^koT-w^. DNA77 y h 

JBfciJ JtS D N A 7 5 y 1- cOfSS! £ ^Tflgt't S «k 5 
fc . DNA77/ > y h c^AMOTPmcis^y ^-rvu 

-{4. ^'opuc^lJ;teJ;r/pBR^l|^£•ir 
-f.l>. 

[0151] a&*i**Hffifc9(i. ^y^A&SS&fc* 
ThS^<<9ffiM;tDNA7 5*Ofyh£-trtf. Z0>m-& 

fmcom&tmk7 : ?y*yY*m'fetz>tz#> 

[ 0 l 5 2 ] «itf. y tfy Y^^^mmoii Uz 
9 3- Vi-h DNA77^ y hj^BraSit 



NA77^yh{C«fcOI63iSfll.7y^^«(i, 3tt 

^ |> 7 y A- 7 H £ n - H f I) D N A 7 7 ^> y 1- **Bta 
S<14«*. J»a4fctt9'f7*9U-ti3V^T-e*l*h. 
d N a 7 ? y h t J: 0 %ffi 7 y > ffii , 

?y^?mzmm<7mi£5-i&DNA7yy 

>yh*H«f ifcftfc. ftQ£83CKBL*ft. 
[0 15 3] iSS***, f>WRff>y??X>hifi7 

T-ism±.x'mi!:9y>wsk ixmLZtiz>£o% 

7 r— >*t -f xyv-i i/X^fh (Pharmacia, 
Milwaukee WI ) *<t!m\Mh ^ktmm 

^(ifflffi i D N A^F t J: 0 3 - K S <l4 ) 
±tSJ;-5>2rg?{2T\ 7r-y'DNA\?n-zy^ 
ill.. ffl^i.^St7H 1 S-**-ri)7r-x{i, WrtT' 

u^^y>'^w^M2:7 T-im^t^mf^ 

km<. tit-oX. ffl«iDNA3HFfcJ:")«i»9fc:3- 
HSiiSBl^y^VJUi. ±iac073£«;J:6t*iiJ£>J: 
xmiRMzibtz .77- i^-7-± t-r -7- 7 L- -f 3 i • 

[0154] Uttt^ir -y 7 D y^fO^<cotr--< 
tH 1 ^fflW7*«H4>iS.«8l7 7^yh^nt 

acofflft^.^y.'^HSra-h'-rSDNASr-irD. Cico 

-f 6 * y>'N-7HA i ^BE$ii#.i. . 
[0155] ilyt v 7 1> V?n£«rW<i 9Mt. 

wwmpti&tmA uyhvtmmmKtzMz, 
tSSgy-v -y 7 y y^t**-fitt»o^7*«ai:oa^ 

[0156] aBK>ttK<0fi9&aa*». tlH8$flfc«IBT 
tii^Sffiti: LTfiJfflS^Li. tMr>T, 7-n-bX{iDNA 
HfcllRNA (^'/ty/'-v-RNAm) 2r(tfflL 
t#. ^<ODNA4Jt»4RNA(i. l*m&izli.2*§&X' 
*9*4. §^>fc. -!-iX-?-'iX^fr^2:-&tfDNA-RN 
AWW7'J'yF«JWII). ftlfiiPJtt. 

£. »4L<»i. «ea^WU450~5 0 0 00ffl« 

[0157] SSJ4ffiK<7)flt^ig. ^J^.{4. p B R 3 2 
2coJ:-5^7*7^$H*>A>. 7D-^y^"?ix/iDNA 
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4)tiiRNA3&»fe. tiMBxnmdm (mm. mm. 

«M /laUJWMM fcJiWHW J: o 

tt) fc4#-r*59KODNA4fcliRNA36»6f*fe*lf» 

*. DNAifcttRNAli. *tt*fcttiBltfmd>6ffi 

^Utff-FilgRfS (PCR) (*H#^4, 68 
3, 2 0 2^fciI/4, 68 3, 1 9 5#) Sffiffl-*-* 

toi58] ^owjaawwi**, *7*n-b*ic j: g- 
[0159] mkttth®immgm<om><r)'bi$ti: 

» 9 P C R C J: 9 ft8 § *if»4 . tt 9 P C 

Rii . jtt «WK*>fc o . y yyuzfc uovx'S&m 

* Ycn^WMnK fflBBmmc&tiSS LTsK'J * ? U 
;K'J*?M-f-KEWli*fc, flS^SOMWftfcJ: 9£ft 

s*«5.fi#*. ivmmmt. mm. tasisBtt- hj 

^A, EBSBL t Fn* j^7S>\ hh'7yy. £fc 
tt^Kfcfl-fr*-* . if ? V^^- FffllllftOT^o?'?*, 

HRWfc. £flfc<0^±3f?U3H-FtflBfla^*>9 
fcP C RRJfifcSinSfl. **UcJ: 0ffi?iJ2:^?-l+ 
s. 7D77b'y. T7'J7 7t.">\ ^-j-^yy&fcV) 
X o 4#A«t> 4 fcttlflSih.** . tf'J * ? - HIE 

mSil^77XS FDNA75^yF4Jtl±DNA 
7 7^>-Ml E . col i-^ASfU *LT£#I 
W7*S Fcor-^^Ji^-f LTif$i£ 

[oi6o] fci^ii. »^a»o^hS4a^«fflui. 

ratae? {-ttcbh. mmmtt) frbitmhtpb 
imm (mm. as^oT-yyaerf) rttaais 

*li M&D N AE5II f* 9 *l & . 

[oi6i] -fiSjgsasai«<ofi-6*a*s4jas*ut 



[ 0 1 6 2 ] ^7 9-nmR\±# FIE^I^ 

Bets**-*. *SKB<or^ru-ni. f\ 

7T-y, 3>UF\ 77-y'SK. >>-f;UX (CT^. 

ti . ttMtcommm (mm. ?-y?vw 

3^5 7T-ySK. YAC. fci^BA 

[0163] ftjeaKEW^atemBtt 1 *? ^.-t^o 

iO. «PJg««S««a^«B»i^n-yWt: (c I o 
nal ly) tWIS«feilf»4. iWi^o-yiiS 

(clonal amp 1 i f i c at i o n ) fcPftf 
tit. «r<4fe. ^itiB^J^WSJiitiflP-ri)* 1 *, 

[0164] (WPCR)ffrPCRtiiiK. PC 

S. PCRM4ilA 5 i:vH;7'5-YAtl>cOt'. ¥^W=Sr« 
%<9:*:#$(i:PCR-»M ^yHfck fc t>fc«*:"t*. 
[0 165] fflmzmWLcrtyyj v-Srffl^SClfctrJ: 

5IfS-TfcJ;t/^Tc07-5X5 FA*. WPCRtJ^t 

ffiKcryryJ 5yytcJ:l.7 7^yF<^SfflifcJ:-5 

^»4. ry7V-F<7)5> / ^A^77^>-F'fk. ^ 
< SCABH&tt^ 'J 3-5 ? F c0ffi£Tt-c07 9 ^ 
>'FOl?«itJ;oT*^iE?iK^A^W#5. ffiP 
CRO«5»Wt*ffl43WHtt. *14PCRfc of ifixh. 
[0 166] tfiPCR (DNAv-v-/7 l Jy/tt>nf 
{fill.) IZti^X. TOPCR{i:DNAiE?iJi!07-^± 

x~4 >thvcmWiz- : $:'<7ofzMzmmzirz>. mm- 

RSI*. MHI77^ >"F. ifctt^r7^5H) A 5 . 
GUlfDNAse l9miz£iX7>yMzy7 7'*> 

bitztih. zixcnyyy^Kyyftyb 
th<r>x\ ^<r)7yy*yb<n7z^Z\±PCW{9 
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ossover)ll lO^-rVri^-hi^ODNA 

fcj.o-c.tt4. mm. *ttPCRttj«rsaA3i«o 

mxrFco*Xy<7)y4-7yV- ( fX- (zoo) 7-f 

7*5 y-j ) fc»fe*4fcAfcflyfl3*i.fi*. *14pc 

Rti. D N AEJiJcTM yb'h B<fflMb7)t:Mz%mX'fo 
4. *ttPCRfcJ.^Tt»fcii4*rU*«IWMI-&*rt£ 
CD 5 4 yyO~P. DNA, RNA. £fc 
tt<^?U^T*»Sr«»;lEWfcoivc31ffi3h 
4. ifiJIU. SIR. feit/iiiliOClWa-feXfi. 0fM 
«fttt*fcliWB*»4fcftfc«Bg^»tiK<WM ? 

[ 0 1 6 7 ] W P C Rod fc ^ ifffXSmiTy -i V- 

ftti-sT^fit. ifc{ir7^v-$-fflvi|.PCR 
fciifcBMjfe-f ) itTyru-h^^mzry^-?- 

iflEflaKa^BKfcftir tf5T» Tv^-oyyA v-o 
»fiS;{i§8g£ft.-f , ^LTi£9A^&PCR**jgc:4i§ 

<?D^lfcgL*#4., ffTPCRIi T--;H.fc^<0^ 

[0 168] (tffltt)*^DNAy.V77'jy/ 

f#4. SfiioS^U^jf^utf-H (lfffl:fc£ft4 
ffi?flfcffiH'C*4*SS**4 ) fcSs&O-f 4.1 fc fcJ: 

o . &m<DEwm.£w&m<mfe&wx'Wicr>wi\m.-& 

ft+fcrcOiiiiifW. Sit, ^jfctU^jr^u^-f- 
H. PCR75^yh, £fc{i£3f{57§ikfi£ft 

a*. «3e<ofiatcaij<oKM9 •< 7*7 y -^jg££ft.#4 

-Ifc#SH£ft4. lo<7)lB?iJ (fig*) ©»^tt. r 

>-7°L— h- ^giJc?)^T-<7)ffi^tf A* 1 hm<L LX^ 
4. Sot, S8U*>ga. B*Sii4fflHtttf>Sl(. 
foJ;y7-<7'7 , J-^aitt<7)gjg(i. SfflLi$ft.4D 
N AO^fcft-, T?4iLT ^fc(iPIB#fc^t^ftf# 
4. 

[0169] 2oO®f£^£?g£-f 4 < rc7)T7'o-^ 
«i, -?«7X»vf7*y K-7&3|Wffitt£tMtt4fc#> 
fc*fflT* OfiS . 2o^Jtf5 : f L $r^-t4r7-n— ^> 

4 fcuassHEH* m&^wxth rrn-fii , as 

^^ftfcffiffl£ft.4?y;\';?|f (fiRj^lf. y?- 
n^yi. tittt. tPA, jfcgjkrt^y&fc") cofctf) 

(Wlti. 7"n*-*-, ^fcli^ybny. ifctijf 

x . ^s:ti3o-r4fcy)fc4fc»i^ yw&cnmmm 

1t£^£4fcftfc&3rffl-t'&9t#4. CI OTTn-f-fi 
4fc. 'JsKlf'f Aifcttrr^V- (a P tame r ) 



££f|-t4fc&fck ifcfc$ffl;Sftf#4. 
[ 0 1 7 0 ] :>+ 7 7 y y^j±, £«i&iliig£#fii-f 4 
»H*«H*>#fcfc<M?i:-f4. is\*/-?)V%KhW?\ 

tfmwmzm-x'itfr^. 4 >^ayizm^< 

■y 7 y V^fcJ:tf/4fcttiaffi1*»WIMifcffifflt4 

it*«ftawfci6F4L^. wm*ywim&\t, » 
fcv-^-/7y>-^fc5iu#4. «#s*i4iwstt. se 

££fcJ:9£ftOilr9g*£fc£1-4#. ##tW 
»£*«^4«WfcMR3fiarV vP-Tfc? -f XT* 

Hi.X/A^)-v9X^X'ibh (24) „ 
•y 7 y g£fco^T£Rffl^a*<7^*-&*> 

^nMaai^^vstfHs^fcftfcs ffiffl$ftt# 

4„ 

[oi7i] (>f yt* hafcfe»t4x-v-y7y y^) R 
mn»< o*»oiWlW«rite?XE t> * fc . >- t' h n 
fcte(t4 is* v 7 y y^fci ostittSfttt* . «itf, 

r *fRLJaj »i. Btt^SWfcov^jitRL'Sr** 

S»«K0aafcfclf^B8EHl:<0fi^Ra-r4it 
fc«fcOSIte$ft#4„ fi!*c0WST'OJ:3fc. ;^T7* 
d— f-U. »Sr4ftl&i[fc**-r4OTgfcai?W%-v 
?^5vKfcffl*£jbtf4fcrtJ;f£E*ft.f#4, Ift. 

fc«W44»43Wtl**-*-4fc^{=-«-B9-?A4 • fiS^. 
T. i<0T7n-^l±. ^>v<7E!C^(t4>'--03E^ : 
JHS)!S<l44«jW)iSttfcBW-1-4*«4 L *i >**2ri^ 
5t-T4fci6fc^fflTi) l 9ff. ;ft.Ji. P.O*^^^ 

m ; mtz\±*-t -y bizmmm-mzi.-oximf&zti 

*Srv^ljSc-c*4. 

[0172] *#=2rt8(£W3tfr?Ji. /In$^9>-^7 
5^yh<0»^*a&»i5>iEIIfctt4S<l»4. Cl^RfE 
{is it^mmzy y?*V N-fk^ftfcD N AA^itfS 
I f 1 ?rmait4fcAfc*fflt'J) , )^4 (25) . 3fc 
fc. \^zm^hyvyi^m.yyy^VY\t. m 

mmi,z&%t&mim5rFfrt>c?>iimy yy* >btt 

[0173] *jra<o*«{i. mi<m9m xiffismn 
mmizdmbzix&z; oiz. &-<nw&frt>£y;& 

?>, 4 ytThofci3^TJi«1-4fcftfcttiflL»4it 

* { «Hi?ft4. PCRfcJ;4DNAlii|s(i. SOR. J<j4 
0kbcr>^i?fc$ijpi^ft4. PCRfcJ:0E. col i 
(5, OOOkb) «0±-5=5r^yyA£Jii|i-t4^fc 
ii, 1 25(@O40kbc7)77^yh2r^t4^25 
0O7°5-f -7-?>^Sk-r4. ^corro-f-fi. +4> 
=5rE?'lr- 9 tmWZ % tt\ VzMzgmWX'tefr * . - 
^•T'. DNT- fe'I S-ffll/^^VAiO^y^A^i'd:, 

^ftfca< 7^ y bcoy/ummt. %wm%tc 

y'y4 v-*ft«t4. PCRRlSfcfcv^T^O^y^ 
A^h7 7^ yh<7)^ COM^fc 7^7^ v-fc UW 

T-4fc(ixy7V-h t LT^yyAfcitfcffiffl-t* 
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fc k fc (3£MK£#£ t 4 li-fX'h 4 ( m.a J: 

tf£*>&4PCRk«5£$*l4) . 

[0 174] ?y^7 5^:xb<7)*#j^Sixi)« 
aeHftfcJ3V^T100tfW«NIJ3J:^5 0kbJ: 
v^F*&75^> y MM XjW#fc;M»4 (gifcffl 
2 i) . J: 0 iKO'h7 7 

54v-£^LT»fc;h.4»jgPCRaSs«0«4, li 
(■J5ii'SrV^DNA*»<5>»feA*««ii:KJJ!|-C*5rV». £ 

£ii4. 

[0 175] S^-s^^SfUjtfy^M-f-FU;. H 

>Hfc&h.#4. 

[0 176] (-<yb',-tf|:ti(«>'+77 | jy/)'ry 

h'^x-w^-v -j- 7 >j >^<o i ^■mmmza wt.m 
1 1 2o<«&48s»wjWiOT4*irrc. « 

Wtt&f& (fJi-lf. Archeaebacteria) i 
fcJO^WIW'v*A3*i4. yyy*>him«<r) 
jra^tfffifcJ: 1 ). «±MB'villA3*i»4. fl±iHUa 

MS ) ar^ffl LT 7 5 ^ y h XWK&*2tl#& . 7 
y 7* yYifiy r -i-'^V Atcjf ASiiS*^. tS±« 

Tf>5y*7x?b£;h.f#4. *4Vi|i. ftHanii. 
il/;hD^-i/ 3 y. JBHWA* !-7 

7?(bioiistic), «£*k\ ifciianis^ 

[0177] -HftWfc. £«gj«H8fc:*5Vvt\ 

HStfjisiRa ? 'j --yyztifth «t a t . ^ ^ 
> h <o»Aftt , #«±«*-r c tiff «ft h nasa 

mmW\<r>$-Zc< t i> 1 o£3rf 4 2ocO'<^ 

4^ k *HSUct4fc*>fc:UL +#*ft*f»t«)E 
9W*99-£.9 D-i^8WitfJ:n. tt£ftiffi 
5'l«7)*aco+)-7'-fe •/ h^^^-^D-^y^S-lirS 

[0 178] |5l-O^a:^-r&2oc077^>h^' 
TI±»IBMf A$*i4*£. 2-5£07 y7*y MUtffi 



fcWJB<Ottl8i3>jnBTO;oJ:3*iaaitt. £H#<7> 

t4 (54 7*9 'J-*)** 3, *$J:tflS»» 
^&k'lcJ:->T«$ft.4> . 
[0179] £JI#£&I?ffi?ilc^KoA>#itffi±co& 

*> 4 tarn 3*1-0*4. fls-j-c. if 4 ummmx- 
±£#£$-4. io^ji®i«fcfe^T. aiwH'tt. 

fffllTOJ£*£T^4*iLft*v>L*X,"CV^*» 
i>Lix^U*«7T-> ; y7-6,coJ:^^. 1**4 fc 
JiSffltWt 1 **?* 6.M137r-y'lt *Qftr s 
sDNAryTU-htO-pljT'^Os -eLTMl 3{4, 
Ml 3"7-f^;*#«Bi£ft«B (flUJi\ E. co 1 
i ) rtt v ^-v-y7;U$m#. »:V^T'ii?LiSWSa^DN 

[oi8o] mw&mv>mz. mimmB's.mkmi. 
a. ftfecommzm-m&comiiumm2tiz>®-&. 

IX'&htih 9 V/t?»iS*#fc4Mffl*>*8;fc J: 4 U 
4. *4^ti, aWBrT'cHri^fcW 

[0181] -m, mmmm^t&mi nmrnm 

[0 182] ffl^tf52[UB<0-t'f^;Wfc:t>^T. m& 

im^mmu. f&mmzmHm (mm) t 

4. i<0*ttT1is 1»tt* t *WS»*lT^43&»4fcliWtt 

A 5 tM5S?iiT^4 * y^H* 3- H1-&m 2 <r)®Ml 

mmmsimn-t vt>m%.ztinz> . zow 9 ma 

[0183] g2tf54fctt-tilta<ffltfti^ 9MZ 
ti^X.m LSEEa&«iSSiitt4 >! 1 1 4fc«HJf it 

a 4 ', mwmmz. Htm±*BiB+»=#ifrr4. s^a 

«igSi!fil?!*fflv^4a«i«. ^&S)IttcoJ;d^JMiR 
$ ft=5rt ^$a(Ci»P Li# 4 if. mm S ^4Hf5U£»« 
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[ 0 1 8 4 J *Wto3to9QUm£tS^X * -@gO 

*vY<n±%%\±. mcomntomnm.micofcMz. 

$T'&<TU-5:£>&v\ dftt^T^vK ssD 
NA. 2£lidsDNAUU 

J:tf/4fcliffl*&»£lliiL»4. vvytvyoyk 
SStiO. 03kb~l OOkb^HT'J)0. J: Off 
iL<fiO. 2kb~l OkbiOWiil,. -filfciJ: 

£fflR£9JfcL ffl±*ft'sl***-41!rtC7 9^ f hte 
fflBr3*iW4£fci*fc*HIS:h.4. r «j tt. 
l^T— tfMft. PCRJIMB t»L<fcW* 
•y*yy^fcj;4) . i^UffiiSq (JJMR£fctt«ft) 

[0185] E?iji077^ y MMi, iRftiFCtst* 
T^^«*)2ri6fc:J:'jjgj*S*if*4. itf'JfcL mat 

itftfe&&X'7 7 9 r *ybtt.ztm2>. vyy&vv? 

wjtaa (mm. nmttiummmt) ituae* 

toHfWtonktovMBm&kh) iztmzmmthz 

blzi. 9f#<a*lfc4. DNA(7)^ > DNasetK 
mziiO. 85^ra»rS*i»4. 7 5*OcvHfcE 

i ?6±ittifla(:»A-ri>iiffc» 

>' h £ £tr 7" 'J 7 FfiKft*»4fctf>fc ) ffiffl $ fift 
4. 

[0186] ZV)Ta*.X0)Xmii. *IIS(::rag£ft. 

a*siift*^riefcsii««»!«tj:oT<o*wji8s 
its. -fevmwi 9 -kxwm&fcymfoim 

[0187] looSOBBKtfev^T. HtSWLfcf- 
[01 88]ffi-5T. SJIL^T^V-b&lg^Dtf) 



cDT-^7tlimaii, E . col ioi'JfcMBfcis 
V^TWRrifi^^^-^^a-->'^Six6. E. c 
o 1 ifc*j^TB»SWLft6*»4fclia±Sifi*ta 

*a**i»4j&»?!j . ^-fcfeesnttrn. 

&§ft4^f|!|f5a£i?fc«k "3 3- KSfi*ff«<0^ 

3- H-f *ae? 6**1-4 

[0189] mffl&mQrr-iV&ttth^ 9- 
<3*BMi. E. co 1 Hg±jnB'\*ASii4. 

fctt7 r-yw»*liS8ftfc: J: 9»A3itf»4 . 
«W^1-4fc*>fcttJB3ii4*?*-e«»i. 
^**-#«B»^ASftj»48irr*4. -fiH 

»+fc#fc-r4i:. ffi^siAi.osmi. mmtmttf 

0. ^oa£SEfl£g&4^«II*£fctf£:rf4 
3511ft (M) #£jS;-f 4. 

[0 190] ifci^-C. 1S±ffl»iK*SW(=li7n->W 
tc«»3*i*LT. *?*-±Cfffc*4 

[0191] #i 9-r isUfaiE&mt . 15 £ 

4. <9f-#Semi&Bffltzl; 0a-HS<i4^wc 
^»«)SSB*?ri8fc't4«*. i<OJ:3«rfHl)?fcJ:0. 
COj;^t3-H$n4^>'A^M<7)^31. rJ-y^W 

<o«t. feitf. wiur. swEom*s:fpoTifl*oy 
tfyviz&G-rhfrk'ofr&mg.t&titfynfy'W'g 

[0192] — fl, ffiao4M£4;l4M&JIKiffii£!l 

^5t^r-;wiai^$ix4t, tmi*. -rx-izK?? 

-iZ&t&ZtiX^&fr&M&Kff-frtiftmZtlX^^ 

iip<7)^-rtifrx'im2ti&. &^x\ zcomma. % 
ti. zLxvj9/i-tfmmzti& ufifBfcjctT. a 
t, aaioj»:«oiiicttffltfit#4. 

[0193] "5 . Wa^WHtJ^fllSSSitfctt 

iffiWjWfflKSfi-ft 4 ^ t iit ^4 . 

[01943 wicommmmizte^x . «ft*<osi-HSft 
«(=ss;!iD$^4. m-ox. mmm®w-®B<wi 

4. 

[0195] ^^S^I-Si^aJi, 77^^hk 
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[0196] ? Mt. mwrtm&fttitm 

a<lM?/W=anT. #* U^*fcS»llSil4E 
*BM^*HI*«. ffiCHfri fcliffift*>8W)i!JfW> <5»4 
fcf»4£fc0*«Bli**i4. 

[0197] JMOjttfflMfcfcVvC *%,m±. &MCD 
+£**fcll*-fc-*-4fc*>fc. *Mi4fflSttWja*HI 

<lH*fcl«W*>7 , -;u> j RLXS^Itdt 

■f 4#8cfcSK!W-4. 8»±fcUW*K 

=scasi±. stow* h tua-c«rvvitat4i 

4£fc**aau*. ^Wi^fcffd* 

a*s»*-4. 

[0198] £0£»ldBttfc:i3Vvr. f?rMcO#®:?:^ 
Six*. 

[0 1 993 <X^X\ tm£tzte<??-ii. j^rOa 

4. Bra<0»a^«M*LTV^|filftiflc<0»*nW?S<i 

^DNAfc^&ifcioT&MU.. ■TWM^/l' 
«, £T<W4 U y h£fi#|ifc££;M,4 ±T\ listing: 
«3*l»4. 

fc^T, *fF5-«933^£M. i«±-*MU 

v h ^ H 5- £ fc*>fctt Jfl S ft* 4 . 
[0201 ] (*ffltt) *»»-M ytf tffflSUtfife 

#*-e*4**Hatf-4K*lt> L< li 1 oUUKDMtfc 

t') ***rrsE9ii«>7T5u-t-p^r, wiwt** 

NA£fc{iRNAK#|£$3]4f&gU:$r^. 
[0202] itg^FtfJS^ftarttafflflli* fl6ffl-T4T 

JS*4fcttfc*Jfl-C*'J»4. *r7"P-^±. ttgtt 



~lf«iiMBti) **ty^4JfcJ&fc*fliT*9»4. fto 
T. *77*n— f-H. f&3S** J lMSD$ixTV^3i^5: 
^*4fcftfcttfflSft.»4. *r7*n-f-J±ifc. R 
«ttD N A 12^J<7>ST0£*C*5V h fffflT* 0 f» & . Aft 
fc. *7rn-fU. UtffMA^fiTr?-?-^ 

*SJ:tf4^y-y?xm?*4. *»»*>2rifett. 

[0203] ^<^ipcr>wm^mBtcS.(r)mim^t 

$fi»4. fl!3lW)irat:j3Jt4J:3fe:. *T?a-*li- 

m&<oMmzm$t&t\ tiktsw^mtims-LKc^ 
fr*®£.-thtzth\,z-%mx'hm%h. 
[0204] (^rfh'farHfti ^ 

■TfiWRltttov^) x^'J-->'^Sft.4T'fX7V 
•< S *Ut ^Tf - K 2" 3 - h* t h . 
[0205] 4*WHOBIWIl3 J:tf4HF4»¥««*« 

*<r+ *mktoffy<T+ vtm ( r $ /ig-<Xie?"iS:a 

TtlS^Tf- K5:7^ 'J --V^-fSC t iH^ti. 
[0206] ^7-f- H y A 7*5 'J 4 iMSftfr 
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* fdmmt. 35«w<? r 'j *7 r - v t tzamm 

f yWggffltZjSUtX . r-f A7"M Sftfc^rf-K 
0#-ffl2rr -f A7"M -Tl) 1* <r>y4 7y >J y;< 
- b L X ftio. */ WJ * 7 7 - 5"* * fcttfflBtt . 

-f Sftfc^rf- HBWIi. #* Silfc 9 4 7*7 'J y 

[0207] jaaw^rf- Ft ^xru^^mi. 7< 

y* y h&J<?TV*7T-~J<r)$m±.X'(7y<.71- FE 
fcOgt^ttfcl/t) Oll^&fi-^rs. WrV*7r 

^£ffi*-f & A? -f'J *7 r -ytSHPrt 5 . W&JgSfi 
JtiBEfl-^ KlS^r hi7* HBM* Lfrv f 'J 

S^t^-&-ri.A'^T l JjJ-7T-^f4^ (-ftcfrh. 
y-i liEiRSit. * LT^ScoS 

Wf^B8J:tf7r-S^*>fctf>fc. fflilSft-C. iM 
^^fL^^ir l Jjr7r->'*-t7'ma?:ti^-ri). ScEJ 

osiftttJf si* j: # 7 t -ismmoft. zff)&o izmw. 

Ztifi f V * 7 r - =Jy 4 7? 'J yj 

*£{£PCTftfH!HiJfl9 1/17 27 1^. H9 1/ 
189 8 0-§\ fc itfp] 9 1/198 1 8-§\ frfctffc 
9 3/ 0 8 2 7 8 ^fcfcWC $ <=> fcKKStlT . 
[0208] t*#©P C T&lfSte. ^7'-^ F 'J #y HO 
f* * A 7*M 0)iZ)hff3imt D N A^ffi 5rf£ii LTV> 

<rm&? yJW£.*o-Y1rhbN AK? x$$, 

A? 3 - K-f 6 D N A<7 * -(og^f S . 

A«^(W4. T'J *7 r -i»#7 r - S^fc*-? 

< Ti A7U4 •sxr-uz&wzx? ti --yyztih 



?v--yyztm^ mm2titiM.&?y 
mpmfetf. mmtitzy-(7yu-^7i-vmm (# 

[0209] ^.r^h'fc it>'|B|«<7)^y ?-<?)7-f 7'7 

-f 7* 'J F*ifefctJV^T - *«Pfg$«#7M ^7 'J 
-^y^'- (Ttcfr-h. "*.7J-F£tzli#VZ7U*1- 
Y) n4>t'hntt&ms.-t&t:)Mz&mZ1x&. 1 

DM^iltfTuerkfci^Gold (199 
0) Science 249:505;E1 ling 
toniii^Szostak (1 990) Natu 
re 3 4 6:818), H*oailW«. ^ftttSSil 

mmZtltZ (Th i e s e nfc«tt/Bach (199 
0) Nucleic Acids Res. IS: 
3203 : BeaudryijJ:c f Joyce (199 
2) Science 25T:635:PC T^rFii 
fflM9 2/0525 8-§-£>J:l.<§I9 2 14843 

#> mnnmstiziji >x . < >t>aaK^fS* s a 

W^f ^'7K5£fi£T<i>^:oiCfiHcii. a Lt^7 
^*3y7-JB8£cv* 7y<)-T^&i-htznf)cr>1;mt L 
X$m*tx.X$tZ; —miz£Js.{t*iUz# , J V-A^ 

l± s PCT^f| i h&lim88/084 5 3^, W.90/0 
5 78 5#. ^9 0/0 70 0 3^-, 319 1/0207 
6^, 91/05058^-, feJ;t>'9 2/0 2 53 6-f 
fc36(3E»3iVO*&. mmA^t. y47y0-* 

gg**3 J;W 5 7"5 y y^'-o?4#co^.7^ h*l25ij 
fcirfi*2 WdfU^rf - FiMJ-* *T6 . y/< 

-f ythaatw^CfctjftiflSJBt. mzm®xh&. 

1 0 2 1 0 ] zvftmmmt, ^Nny(:S^<i 

mmt^ti&mM^vytLx mta. ^»t# 

JBB-C) #4L. ^ ixiiie?«I Is]— t5 1 X. f L ^ 

|BUHfti*S*M-«fc-|-^*EWR-e*rft*-r& lo 

W±co^ y hoy (z mmmz-frfcfh 4 y v o ym 

mnx't>*)ftbip. £tz\±%oX'%<xh&^) \,zx-> 
xwtbtix^z. mm. mfezivz^tf. xvz? 

U*+ W*mt* &yA7y 'J -<K* yi<-t)K A y 
h o ycom-co* -/hZ-ftl,xx.*y y<r>% 2 cr>-t v h 
(Zti\&. 4yhuy<r)%2<r)*.*/Yi:-ftLXx.*Vy 
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COW, 3 C04> ••/ V co 3 1 otLhfcjSja $ixT ^ S ) 
<03tr-oi-5tU:fcatS?<xT^I>, x^yy^sii 
O-fe v h<7)3 tr-0 1 -3jJU:*#tS J 4 79 V -co* 

Zlsti. X* V ftf>8 1 fl-fe «y t- co&* y rt- 
te. ZUC. 4fctfx*yyc7)gS2iL<tiJiS3<0-fe-y 

*», 4fcU*frLar<Tt>J:v>. mfflz. x*yy<ai[S 
2C0-&V hco&*y;<-it. KWz. &tz\$x.*v>co 

%sn> l<\&w-3co*. -V hco* y^-trnw^zwrnm 

v>. H&C. x.*yy<om3<7)-t yhcO&X>s<-\i, 

#L=5r<Tt>«t^. -f yho>-iO#-fe-y F- (Mil. fS 
2. fd3&2:) co&*y;<-te. n—co^yvuyco-^ 

•yhco*yrt-mx'<om®z_ (mmmMitmrnti 

tzMz, ^•vhcoitico^y.K-k+^^mnm-^^ 
#-ri>a { . fwiwfctt. mco^yhvyco-tvh (mi 

■fe^hrtaaii^t. ^txm^mi^titzy^yy 

V-C0*y^-C07-M?£MZiX. ZZX\ XdfVV 
Of* 1 «9-fe -y K **VycO%2cO-b«; K fcitfx* 

y y 3 <7>-b 7 h ifs. uc&Uffl iz ~s -v -y 7 /u £ ti 

[0211] tjXTUJ Ztitz^'j- FEWJi. tt« 
Wfcfct3~5 0 0 07 5y»£U:. 8WtU5-l 0 0 
7571!. *LTUfLtftt8~l 575/lK)a*a 
JISTA 1 )**. 9<f7*9'J-U:. T.<Z7\s4ZiXtZ 
^7i- VW3\com>*co&% £*Tt3> 94 7"9 V-X y;< 
-S**fL*lsa\ ifctir -f.x7V-f Sfufc^rf-i* 
I2^ll5£Lfc&£ £3rt£ 94 7"9 V >rt-£lt 
HLfth. t A XT\s4 Ztitz^^-YEM (l^ttz 

i±MSc) coi$&ft&tdi£xi±. yyyumn. sot 

9y^AftII?iJ. -y^g^l. HfeLfcEH 

&i:*T<b l 3ftl>. *T4 X7U4Umii, ,-KUV-A± 
<0$r£ scFvJ £ti7 T-yJhtcSjpSfrjt s c F v 
a fcJMHSfr'O-'f yt'F-ofcitPf yv#tztittb 

flfc J: tf*S6#*tt**$-* s c F v 5 4 7*9 'J -Sr. 

*«£&;*< ^-^•cm? 'j --yy^mz-th . 

[0 2 1 2] *$691tt4Jfc. vy^-A&Itfik iHH7> 
F94 7*9y-«:SittL. *l/CIW<0Hs:r*-#* 

ttziiRNAizpmcou^X'^i-^m^it-^i 
mm. *«fit***tf^rf-F) *iBijrr«.fc«> 

fc. *ilfc'994 7'9y-££«L*LT**>'.;-->' 



stut^rf- H*»**$*ifc>Ky ^ ? usrf - kot y7 

\s-Y\,z¥imLtzT i XTX>4 2titzmmfa*1i?ts^ 
7j- h' 7 -f ^9 U ^ <-0 9 -f 7" ? 'J - *» 4»4JKS 

[0213] iVJMHt 

it. ■*LTBfa^7*f-K ( l-3*fcl±tBS>- ifcJi* 
- H-TiiK U 5 l-^f - KS5«3&*JBS«S<t4 

ifcSrnr^t-fSo »CV^T\ ■XVUV-m-YcO'T-^ 

H ( loifcHWR) co (ttziiZco^frmfeZtitz® 
to) ttziimtiifa (£tzl±. *>nt'-ew H . v L . 

ttziicDRgwt) cor^ymiMim^i^txmm 

L». -I LXl*m.co : &mto'&'<7* V£tz\i scFvi: 

ffljffitSy^Sfcrt^i/A- ••/ 7 'J > /iOT'O-fc.Z •_ 

[0214] *SSBflW*13rWAS<i. 'J ff> 

HflBftfclJBI- 4flWR**BWf0^7*f - H K H 4 Jtiifit 

i>. roe4fnfe^7"f-Htt. £*i¥WiStt**Lft. ; 

^^t«iiMtK$n/iU-b7^-^-7-(^-ri.!f#MW^ 
o^MfcfcV^T. fli!c^t^0Die^-5r7'a -y ^-fSgg 

[0215] *«3il±4fc, W^g$fL7tU-b7-^- 

fio^y^°7K ( i^ttzimm te^LT^-f p#* 

7*9 l J->yA-(co^T. fr^rf-K 

ffl-s-ri>) $rT-fX7vw-ri.-i' , >'y-A09'f7'9 , j 

'J 5 ^ f- HE?iJco7'-^2- v-v 7 7 y y yth-fi'fc 
[0216] Cix4><0*ffi<0^-fii*>t:J; 0 , 
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fcjKyjf^usTf-KSSiu. r-^ti. tlx?-* 

(#«ifctt*») HA yt'bntiJ:T//£tdi't y\z 
ftfmttfV ? ? FfifllO*EBfc*tfS'* v 7 V 
f-HEWIi. ^<t4.1EIO«<aiR(CttSit4. * 

<i. 1 f"flJ2LL«S*>$:&i'-V7 7 'jy/fc J: I/-etLt^ 

H-T 4 sj?y * ? UjH- HEM fcM LSESit 

H39*fc#fct* EH k g LXE* h Z t fc i & ) . ft 

KL:*E*>IIL JjKSHRJi, TOflagSJufcH: 
r*- ( >J ffy H ) A^O»tt*«ftt5 J: o izm 

mztii. mmmK mz. ™>«^3iifcis£ffi5 
[0217] shre^o^. 7 7 y >7<m£wtmm 

t, EH* { SESiB?ft3fi.ft4. looHifflBairij^ 

?-(0S;tl£. 7'7XSh\ 7T-y$H. 

im, PCRjeHBt»4rif) , W?3*i494 7*9'J- 
>>-^'-<7)ffi5||t^^rffiyi|^«1t<0^ (kern 
a 1 ) 7 A 7*7 'J -> yA-<9lfe-&-££j£ L 

-^-oEmsfi^i-u muyyy^ 

*<-07 -f 7*7 'J yA-E^-fe?** >- h> 7tt± 
§iutSS?7'f 7*5'J-^yA'Hi, &i,vC\ **»"!«!# 
SIMU^ 77 >J yflzX K). is-v 7 y y y^ti 

So 

[0 2 1 8] *!S"5»i£fc. *SM*0SaR«fl|«tf55>f 
7*7 'J yv\*- Sr-grtf ^.7'f - F 7 4 7*7 'J -arigft 
U CCT'ti ( 1 ) ±.limt<7)dt>&m«ff)7A 7'7'J 
yrt-t>K WRZtihW.Wny-iVffiis* 7 7 'J y 



v£j££ftl>E?i|£-lrWU ^LT ( 2 ) 
0)7 A 77 >J-s<y "I^Tj-F^XyhW. 

mfif&ffim^o^A 7*7 y -.x yA-<7>pfr^.r-?- h 

y hE5i|i^ti*iSfii*E?'J* > 'oESy$^l» ) i 

7 y -Sfc o i n e-jjLh-cflqt n** ) . 
[02i9] *jswi*fc, zei-nrnz^xfthtih. 

t>C0(product— by — prosess) 5riSft 

<oigti O^Sixs : ( i ) f^ru^^rfH 
ztziiT<x7uA&mm<n7A7'7 y-i&^&g 
s*ifcns7"^- (0iitf» yxr^H) ifciixe h- 
7' (Witf. ttaWft-^) tc^LT^^'J--y^L. 
% LXl-tb&$z*iL?2\,-t7'9-&t2lix.V h-Tlzm 

-k+hyAfyV-x y^-zmm&xvv&tdmm 

l . &ffi.*hfZ7A 7*7 <)-* y<-<D7-i\,$£.&L-t 
( 2 ;• ^joft-E^iifcxt h-rSr^LT. 
^ L -C*ii.(iJ: o 7 -f 7-7 'J-**^^Mi3j:t^/^ fcli 
isH^iL-C > 7 7 y >-^7>f 7*7 'J &SStR 
*ixfi7 i 77';-.->y<- ( 5.tzlimW<£fili? ci- 
->/$x-tr--?r^3ir-) r. SMit'iJ; 9 7 7 D 
>mii. oit f (3) 7 7 0 y?7A 7*7 'J 

^(ixb-H-7 ! (Mitf. fc«LTA^l» 

f h -nzm&tii'* <v7Vyf7A 7*7 u w< 

[0 220] (ffl&T<*TUA teXT/X? V--y? 
it^'J 5 7 UsTf- HE?i|Sr^-v 7 7 'J >^-f SfcWcffl 

mm (mm. wa&zixttm < u^v h> 
[0221] ffl^^^ag^wrro-f-A^ 

o 7* y + tflqt Lf#!> t & -arXffitt 

fcftfc^*S*iTV^. ?mizft&irh£Mm\%&? 
o7*y vSMKfWi. $tttt ( D ) ±?jt y hitfS^co 
WMtffiftnllKfcMttlTWm ( v ) -fe^vhii 

te* ( J ) «l«jie?<?OB5i|<?Oi»!lO±8attt 

ml. jmma. ( c„ > wom&^iauzwa 
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liTafffrsswcte^ ( v„> a. m^LfcD 

iT3Effl« (V H ) IIB&tttt* 

bmofcilEWU ^<D«I3KH«<V L ) 

[02 22] «/n/iJ 9ft4^SHW*^i£ 

5!l£«ttl±. V-D-Je-g-eoHOD-lr^yhO^ 

ranttfiEffii j ifctt rwm&Wfc (sharp 
e n i ng) j fcDKHiS. fCSWta. ifi^ rjg 

flOTfctiWttttftjeiBW (CDR) +t?7^^-«* 

[02 23] SiMfJMB^fla^^a (~f *« 
it) SfflLTlSSKfttt^^oruySffi^liSiVISIg 

-f & <! i: fcfc ft* £ < iOttlSSr^flBI- h tiMz , 

TV^S. Escherichia col i&il^A? 

&Miffl*mBfr54 75V- mta. is cdn 

[02 24] ffi*<0fiA£;fo#?)5 4 y 5 'J Hi. a*? 
TV*yr-*J75-?*t: ims&n 3 o - - fc L T 
X ? 'J - - y S A? f- U * 7 r - ^* A $m 

rJUtfe^T^fltSilT^S (Huse^ (198 
9) Science 246: 1275; Cat 
onijil/Koprowski (1 990) Pro 
c. Natl. Acad. Sc i . (U.S.A.) 

87 : 64 5 0 ; Mu 1 1 i nax^>. (19 9 
0) Proc. Natl. Acad. Sci. (U. 
S. A. ) 87: 8095; Persson^ 

(1991) Proc. Natl. Acad. Sci. 



(U. S.A. ) 88:2432). A^f'J^ 
T- : JfflbT 4 XTl^f 7 A 7*7 'J-*3«ktf A 7 T-is 

%M7 j ?7 v-m^nmmmmtK saztix^i 

(Kang^ (1991) Proc. Nat 1 . Ac 
ad. Sci. (U.S.A.) 88 : 436 
3;Clackson^ (1991) Nature 

352: 624;McCaf fertyfe, (19 
90) Nature 348: 552;Burto 
n£>, (1991) Proc. Nat 1 . Ac ad. 
Sci. (U.S.A.) 88 : 1 0 1 34 ; H 
oogenboom^ (199 1) Nucleic 

Acids Res. 19: 4133 ;Chan 
g£>, (1991) J. Immunol. 147: 

3610;Breitiing£>. (1991) G 
ene 104: 147;Marks^ (199 
1 ) J. Mo I.Biol. 222: 581 ;Ba 
rbast, (1992) Proc. Natl. A ca 
d. Sc i . (U.S. A. ) S9 : 44 57; 
Hawki nsfc«fctfWi nter (1992) 
J. Immunol. 22: S67: Marks 
h . (1 9 9 2) Biotechnology 1 
0 : 7 7 9 : M a r k s h . ( 1 9 9 2 • J . B i 
ol. Chem. 267: 16007: Lowm a 
n h . (19 9 1* Biochemistry 3 
0: 1 0832 ; Lerne ro. \ I 9 9 2 J S 
cience 258: 1 3 1 Sit. h L"C^ B JI 

mmwzimzixz) , tt^mat. a';tW7t- 

§1*014 ?D7h/57^tJ;0 KJEtt 7 r - >?fco v * 
Xmikt&tztb<V7avh7'77 4-fflm^co&1ife& 

[022 5] lo^t^iJ&rrn-^L u*>»9>& 
#a77^yh"K(scFv) 
tfcMMarks^ (1992) Biotech 
nology 10: 779; Winter G£ 
it/Mil stein C(1991) Nature 

349: 293 ; C I ackson^ (199 
1) fifJBiMarksfc. (1991) J. Mo 
l.Biol. 222: 58 1 ; Chaudhar 
y (1990) Proc. Natl. Acad. 
Sci. (USA) 87: 1066;Chisw 
el li, (1 992) TIBTECH 10: 8 

0 ; McCaf f erty^ ( 1 990) ffitB ; fe 
il/Huston^ (1988) Proc. Nat 

1 . Acad. Sci. (USA) 85 : 587 
9) . A'^ f 'J *7 7 - y 3 - h ^ W V f 

urw?fi4scFv7>f/5 v-omxnmm 
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[0226] 1988^±trt, Fvyyy^yYCT) 

¥&izi. oflesc&ssfiT ^4 . $ i nxm±. -» 

JK3ra«te1»***4V 1I iJ.fctfV l F.X-fy£:i 
-F*-4a&?*f*4£fc£ft*1-4 ; .Iixf><9V3i{£ 

4*\ *fcttV»fi?£lSfcJ:0fl*3*i*4. #«F 

F (tBJiJf. (G 1 y-G I y-G 1 y-G 1 y-Se 

ft) ) fca-K-fitf'J^jt^UjM-Ffcfcgtet*;: 
fcfciOWASii*. yy#-li. v„-yy# — v L 
£ tin v L - y y# — v„cov^-m*>£Oj»f -cm 1 w 

1W*<0C-*«k £ J:t«20VflttoN 
»Jt*. JIIJfcLT. scFvSWrfW&tt. 

#4. 

[02 2 7] ftoT. scFv75^>Mi, 

y y^-^rf-Fcj; om-co-'Ky^T'^Fgicji^* 

fL^V„fcJ;tXV L F^-f -sfrhtcZ . scF vSEW 

y^ft. f LtA';fW7-!-i'p I I I (jig? 
3 ) ■3-Yf>WSt , c?M£9>>-<?'Rt IXM 1 3 
7r-y (J ?t»iffl(H<0»*t^ -r 'J * 7 t - >■ ) o 

**Ui. ?#>ztet£ft.£xtrF-7- (Hitf. an^rtS 

M. Hr7*^-) ^cOtS-^to^Ts cFvSaSr-r-f 
9*K3it4. 

[ o 2 2 8 ] 54 7"5 y y^'-oji^-K-y * ? u-* 

f-Ftt. X? l»--y^HS:JtJ4aS?*IBflW)5-f7* 
5'J->yA-«lM8fcW^&a«£fefltU *LT5C 

7M-f-FE#l8tfgfc:J:4. T-fxru4 ?<xfc^rf- 

FIOT4 iH±V,tsJLZfV L T 5 yKffi?iJcOIE*cO^O 

( io*fctt*ft) *fc(±J|Lffitt* s c f 

v ) ts£V/£Mt*<OV H tiM/V L F.X-T y$>4^(± 
•Mx^CDRti. jf^&ISSii'X-r.MC^n-^y?' 

H £ J; r/ v t f * 4 y £ 3 - f -f h x y z 7 v f a . 
5£?S^*£ (C„43j;i/C L ) %a-\i-t&xV3<?\/frf- 
FfciSBSii. ^^rttflc (W*tf. df^t5. *fc«£ 

XOZ? V*+ F SHMW4 . Ltf Ltf . MlStifcC 

d r* 3- F-r 7 ? u#f - Fti. a«jfc*RS«« 

sK'J5^U3|-f-Ffc»^S<x. ^fttjt* (Witf, t 



3-F-t4>K!;*7M-*F*»flM-4. tfflWi. ft& 

? q v f^"57 -f — (ci 0 . mm&vircm m 

if : MfflBdL AIDS, i&AWBe 

[02 29] ffl^<7)73 scFv54 7*5y-tf)|& 

Kish^zm'&comw. ts^aowN-Fy - (4 

'J F-vftteHfrfc*. ifctt#^UBte*6iI£7- 

5>f7*5'J-kLT. Sjifc^o-^y^-rs^tSr'sr 

«0^fcfctt4ffl*£;fotf(0£1iHSfc«f&T4. 

(directed mutagenesis) J; 

i ffifltt^fiM ( C D R ) ( L tf 

UfH355CDR. CDR3) rt* fc{±-€-<0iS< {CtJ^ 

h •) pc Rfcj: mvmg.mmtfz o?h&£ 

5C1 Deng h. (1994) J. Biol. Ch 
em. 269:9533). scF vgpfi^S^M 

&m^mm l&z nmx-h h z. t fix i ■> 4 < s 

temmer^>. (1993) Biotechniq 
ues 14: 256) . Riechmannf). 
(1993) Biochemistry 32: 8 
84 811. «**U:/*?l':*f-FPCRi3j:tfgi£a 
^T^tl) s cFvS!S«tcD7r-> J T-f^r^4tJ; 

4«tt*ww5 yyMtm^htm s c f v 7 5 

yFW^S^iSlfSr^LJt. Barbasft. (1 
9 92) frtWi. b F5SfimF4fV4 Fite-g-FabO 
^■fi£C D R««fc*J»t4EWS 5 y/Aftfii t fci 

ixfc Wn- F X<0PIHt IHi»t4 i k * IS* 

[0230] CDR5y^A(t(i. «iCDR3W*fc 
OV^TfilxlO" CDR. -tLTtJfei^lHLfc 
I^ffittC DRlfciyCDR2 co^flf*:. =3: ^y'tfi 

teifcl±-«teiMM-4 1 . SMfc J;t//^ tz\mm<r> 
CDR?y^Afl:offl*^*>*{i. ^TO^T«&Sr«*^ 
ij-arSaS-t 4 ? n- y 5 4 f 5 »J - SrfWt 4 fcfc 
Byc=5ra^^ry^7T->''^D-y (-en^O 

^ik^^^tt. ^ss^ttf*4> «4*t*iit-*-4. - 

MfS«J;^^f l M7T-yf-fX7 , HyXfA 
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XU. g^X'tetcW Milf. Barbast,. (19 

9 2 ) firtma. 5 x i wwmmmwnfriteii 

[0231] iftfcOJWWarfWRfcfcHfcfc-f. s c 

F v O))^? t'J^"7 T — i/T 4 XTVA {i-fTts 

4. Z#8tt*5*«fiaWi. SW^B*HIBiBII£fl' 

tfi^fcA^SiVO^ (Grub e rfe. (199 
4) J. Immunol. 152: 5368). 
tftRev s c F vWlMMIi. yt'hut«H 

1 v- 1 <m frxwmzmm-fhz t tfiaztixti -o 

(Duanf,, (1994) Proc. Natl. A 
cad. Sc i. (USA) 91 : 5075) . 
ScLXVLp21 c * ! >scFv(r)fflMft%mi, Xeno 

p u smmmcomsiftmm&zmmt&zbtfKZ 

flTUS (Bioccat,, (1993) Bioch 
em. Biophys. Res. Commun. 1 
9 7:422). HI Vja**»»rr4fc*>fcJBy*4>*# 
SiiiscFvi,^, fg^^ixTfcO. scFv« 
»Br±^JIHfc& t SS*l.TV»4 (Lilleyt. (1 
994) J. I mmu n o 1 . Me t h. 171: 

2 11). s c F v^2<0/-KU^rf-K (ffl^f, S 

ill-&^>'^Jtt>4!t«ftS<lTV^4 (Holvos 
t£. (1 992) Eur. J. Biochem. 
2 1 0: 945: Nichol lsf>. (199 
3) J.Biol.Chem. 268: 530 
2) . 

[0232] fcmtt.mm&tti. * i-zm&m: 
^ < w^*ocd r^hi^** £i/7 y yMtmrnm 

< £JMW-6 s c F v 74 79 U -JMLiSi 
£>(i\ s c F vffiflMORis Jtf»£iM±fc J:tfl»8r± 

ft t , >- t'h ofc «ttx>f y t'*V-v 77'Jy 

fcSRfrfc («SWt p c R*fiifc«? d-;^c 
J:0)ftfeii*:CDR&ffl|fti*fcfttfflv^*i.4. i 

7 t - i^i^f . U V - A . £ JtJiffitoaWSrBtflsr 
4*7*M i-XrAlcfe^T, f^rw £*if#4. 

-tiiSra-H-fftttM ( lo*fctt» 
ft) fc*£3*vO>4. **8BMS!t*JV^tt. CDR 
«ft*Jfc. (Witf. S&W0 9 2/0 3 9 

18-9. HW09 3/1 22 27*. 4iJ:tfl|IWO 9 4 
/2 5 5 8 5#fciBttOJ: 5 fc. ^E-fbLfcff^fflv^ 
7,. th. ittit hffift£#MU#4h 7 ^ 

•y ? WA&mnmmmM/WMM) ( .riiu^fi-fc* 



fcllcDNA) ^#f>ft4. 
[0233] int«*SO^-fii*»fc i 935 1 OjMJR 

i&Mffim (mm. y xr y k ) cis^r 4 - 1 

■f4»»ttaiRfcJ:4) #y*?M-f-FEflH4. 7- 

+ 77'J y-fizx *)is*v7 V yfZti (««W(CJ±. 
SMC D R#ffl!<7)fig[C D RTiz-V «/ 7 U y^SfU * 
LXmmc D RtffiWg&C D RT^-V 7 »J 

ivm-vmn. w.m&m*ixn. &w&ztM. 

4 £ X' 1 HI ifcJi-f-WSLhWE* 4v--v -v 7 U 
a^.*j>^)fii:*7U-A , 7-7ffi?il$:3-H-t4*r | J 

m^m^i^^ti) tmi&siZi-L {mm. t 

*1%mm 7l--v-? h - t jM L-SStc J: 4 ) . th 
tffl5Mttfc£ft*L.»4, HRI=. RL3£Si0ia. 31* 

[0234] *.4Kli. 4fc(i^<0SS!ffiJfc^a^ 

s c F v y A y 7 J y^-tfOT^-^KftttfrPfif 
•T4i^t. BSBESiitl4. HWxtrh-7'{;L Ml 

u\ »^xeh-r***t-4it, ttiiz^m 

(tS^ff) J±s Jtt8WfiV«»tt**r4scFv?-f 

7*7 'J-^ yA-^o^Telt-r4/SrtCfflV^W# 

4. i&mm m&fc) .tosfvvRftttfc^^ 

T s c F v 77 'J y^'-&g5feWt afbL^ 

4. 

[0235] >- hSr^K-f4fcf)t> 

watgs^itwffi (Witf. cdr) 

*SfcJ:9»AS<i»4. #«8t**-b-yh (1 

oifcttKEft) <0 1 ■otMt*til3±0>C D R<0l2?i|^ 
«tttt - »ffi1$*W8MMJ»6. C D RBfiS^ fc'arfflv 
CDR (loifcJlftft) S:^?^4CttJ; , 3M;^ 
?W#4. 4t4DNA^ : f»i. i^-v •■/ 7 U y^OfrcO 

-f#4*\ 4Jtus»ttfflsn» (Wo*>. m&mtz 
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*J»t6«WWlR(c4t||**aMt«S*Srlll»L# 

[0236] IJiWiRtkW V FtT**- FEW* fctt 
IS^affitflcfca-F**?-* X7V4 Sfufc^T** 
F/jK 'J 5 7 U*?- F«£ft < 5 4 7*5 U VA- ) 

tit. mMtm&ntmQmzttzii). mmn® 

F'-f 4 5 4 7*5 U -A ^A'-coS-fkWJIfit? 

[ o 2 3 7 ] Bra*aestt£i&i,*n5>f 7*5 n-* > 

fcitfx F 'J >j.'x> j/-{i. Sfi^-eii-fii^X^ 

few i fctttiLffffi*. fc«t tfflaefts 

05^7"^- F/D N Aa^-ftwe^ttt:^* 5.3 U# 
4 t iSS. pH. •'f-t>3S. Z.tS#-**-T>;l*g. tii. 

afgffiLfcJff^T*?- H/D N At fcijKTf- F/R N A 

Wi^T** F/R N AH-^ftAiEURSiii . 
[0238] ^fc il>*iifc#o^lf <9$ ^'SrSBSt^ti, 
^ r j'J& ! 8fg£-fr-f 4^T* F £ Soffit &#>KjSE3*l 
#4. VKo^^'f-F^lSfnffii, -YtfySfeSifcTt 

^«oa^^^>-A-^®o^Ptt»gtfe^-Cffl^^ii4 

[0 2 39] lO^K^fi, scFv547'5'J-#'. 
g&r48£ftStt£*rf4 s c F v«7)^attto^tp] 

axt-h-7«. ^iuw-i) cofflffl$:air-r 

4. scFv5^7*7'J-cO^XA\ LtTLtf»ftW 

& s c f vi»do£am£MBR-f *fcfijg-$-6fc s 

Wfc. ^tgfrffiOtf^&lMX^s cFv54 7*5 'J 



V-A s c F v -r 4 X7V4 5 -Y 7*7 'J - 4 

£<0iaWfcMfcl3IOT&fc«>fc, £»4£-rf 4^ 
»^A.n^xt:F-7« (U-b 7** -8) #'» #— <0 

54 7*5y-(Ct5VvtPl$fc:X? V--y?Ztm& 

ffltf) t-X ( ifc{ih*-X<W7*-fe »/ F ) fc: 3- F S*i 

4 £ samx e f -ra(± . affliSfitt&jHrFWf u y 

-Z,r < xrM s c F v 9 4 7* 7 U -fc jg^-fc J:tf-f 

y^a^-Fsn^. &v>-c£ixt:F-7 c ffl$--tr?r 

*S tf-X<*>*£»i. WhttaHRtc J: 0 s s c Fv5^ 

iOfi^-tiJ. •f-n<0-t7'-fe-y F % i^ttlo(0*ife{i2 
ocoli^rwxt: F-raSr^t 4 t'-X£&-^U# 
4, ^c0T7'D-f-|±. 3Bfl»Wr^^'J--->'^*fttt 
L. * UTSfKiBrftffi. A'.yf-7-o-bv->j/fe s fcj; 

[0240] a**>SM«i, Wifcjgjf iifcitiHFifc 
tsxt F-7-t=»1-S-HJ-^r«^fiStt* *f 4 J: 3 fc. 
F 5^7-7 'J - 47tl±*ffltii#:5 7*5 U -2r^ 

ai-fk-f 4 tiMz. hhvj,ii,x •/ 7'jy ^ mf ttzim 

t f>4 ^«iVN->-y^coMa« r >HIti5^Tl,^£tJ^ix4 C 

* Y/m 7 ^ f«^c ( ffiffittx^^mn^iii 

fc*JV^TH]t**i4*^«t) {i. «§tt^7*f-F»iE** 

^■T4/S* , )tie?i|^e$ix4 < , ^V^T'^-U o-'if^ M" 
^-FJi. i-h.^C3ffitt^7*^FSWta^v^T^ifiS 
ft. dWi-e^-?-*ixc7)Igt'BXi3)i^ix4^:Tc7)^£ 
ffSU^UT'ftffl L , 'J 3*7 ? l^^- FiB^JtOfil* 1 

3*7 ^ u*f - Foa^*ii. awj*ffl{irHra-b^ y 

iix^(S>--vy7^^ii#4. L^L^O*ffi(i, jl^r 
<D*Vt 7*^ff^^7-^ F/*f 'J 7 ? 

&mm<omzffijm%.ittiz>zk : z&mti. ^ 
7*(ca!«s/ifc (mz*i%mmm) 

7 9 FttMtfMflWMttP C RlgHT"if!>4ei!3E{-: 
fc^T. -ecotiifgffiWi, Jyt'ha&£x//ttM-<{ 
y^X'iy-wyj^tl. ZLX ltsIJ^±«$^^4X 
^D-->-^coill*^ ffi?ij!^^mr('^)!i£^fL4. lil- 
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y U yfnmitiimmzc d R4£«4B$fg<07 v-a 

v—rffi&zzmitthttizx*). %.®m¥tthiz 
m*e>imt>. mmz-btui. 7 y v?&m$. 

f#i»^SJitt^ y ? - hw-i ? Sims . 

fcSlSft.. *LT£t4i'*y7vl'£:h.fc7>f7*7>J 
-p<yA'- (5,* v 7 y^/flt) +fcR»)&4*U»4. 
[024 1] *»/t ••/ y U >^f4. C D RK^f* 

jura^iR^?4 7?y-o^*^te-f4. c 
o i 3 $ttfr££jfr*-6 1 oostai, ••/ y y ^ 

4 fcli C D ? fr.Mfc+fc-£j*C DRS ifAl" & £ 
tt*S. MCDR*t7 FOE?'J«4. thCDRO 
4^EWr-*fr»!^4£fcfc:J:0»R3ii. *L 
XWTMH Y?4 >fcflS-> TitlMW)*! «t J: 0 SIR 

$il4 :-&j£CDR{4. itfflcDCDRKflJKtf LT4'• : 5: 
< k £> 4 0 X*)fiMro5rE5IP--lt£* L . ■*■ LTS4 
L < (4 . 4HJW>C D REflfctf LX&% < b L 5 0 - 7 

-g-J&C D RHajOft^te. Kabato. (15 9 1) 
MiW&ZhttWztftEtZ t F C D R^?iJ!2S 
-3 \ vf :* 'J 3*5 ? U KE^Jtf)^ r 1=ri£T4 - > i- 
«* 9£j££ix#4 ; -^fiScCDRI&sieor-^ ( loit 
J4«ifc ) J4. < t— 3<0^JK)^Kt:S«Bt 6 1 
hCD REWfcfl- LX'Jr*< t> 4 0 XOEMH-ttfc 
*-f4 C D R^r* HEW* 3 - H-f 4 J:'3 tetwusfi 
4. ft 4^14. ^«fc#^4CDREflO*£#ifcK 

RBflo>2l«ar< fc t ) ffl^£>tl47$ y» 

afi*. »JW4ffit ( l-34fctt*fc) ?£iSCDR+fc 
H9&4*i4J:}fc:. 3y*y^xE?iJ££)£U#4. 
fWlWfcU. V^<o*>(W£tf. 3~^5 0) co^ttO 
C D REMsWfcltt 3*1. -e I T&iWOC D ROI8KOR8I 

ztLtzmmwnmtmmzztx. * Lxmrnztm 

4 C D R^7^- VEfflt 3- F-t43j- y 3-5 7 l^f^- K 

„ C D RE?flcom-^* { . Ty r . V a l . Phe. 4 it 
J4A s pW^Tix^T'ftS^^Jf v-*STS ySESrW 
-f 4%&. £i£C D R:* y ^ l^jff- HE^ij 
( l-3S*fcli«ft) U. */k#df>-*SB*>CDRSSi&* 
dii<b<7)T5yi§cOt vftdpX'h 4 J: 3 tiSft £ fi 4 . 
^<-9A^Htttt?fiT-(i. C D RE5iJO*-^CfcV>-C* 

mmmiz^mzfr(Ei-m%w\-<Dmmm <o &t 

LT4Mn*>3cJ*fc#fc-*-4 C D RE5IJ fcJt!SLT5SS 



(214^. ^#^7SyiSa^jWlX0ii4il4J: 
3tS5ISiift4. ^OJ:3=5rCDRie?iJ(4. (milsl 

<ox^ y --yyvrnff) ) rnn<r>vA y'y y — * ^i- 

•J WN'-E9!l^ yh'hDWv-v 77!) 

x^M ^-r4fc«)fcfflv^*ift4 . *IScOE?iJfcJ:tX/ 

J;0§l(c3U£Sii4. 

[0242] £ffcC D RHMO*^Ji. 39Kt=»ft^4 
C D RE?iJT'£.4 1 LTSO^ixT^^^. ^< til 
o<7)^ yA'-$r^tr„ me D R\ziMh NfNKftUnK: 

* -r 4 *»4 fcu** l * v ^jwi . mmm jwrt t: s> 

4 ; NffiWBftli. V-Dfcil/D- JIS*iBt#ttt 
41if^U*f-H~»4Jf^U*f-FO«H'P*4. ^> 
ttSflC D RE?'J^m^«4. t btt 1 0 O^ttW 
coc D REW***. ft«Wt:tt^«Sr< k ttt 1 . 0 0 
OWSfettCDREH***. *f4L<«4. ^<tfc» 
10. 0 0 0«»1*<OCDREM&**. LtfL{f5 

0 . 0 0 0 i. 0 «■ i 'S^cOC D R E5i| *-&-tr ; L* J L. 

Si^^ie*-^?. t FCDR iii5!t4^<7)(5aic#4 
L^v*. 4^tj4ix(c#^E-f4 (tthh. 0. 1% 
Sit> •a3!--av.-Cff ; ££il.4%£. k§C{41 x 1 0 

1 .-. i o-nm&cDP^ittttth^ti>hh 

& . MM . it v H? t >f.-J 1 >: 1 0 « O&lfcDC D RfflW 
*-&+C*Sil4: 5-f7*7'J-fc*4il4» 
1fcOCDRE?i|OS5[J4. 7^7'7y-+cOSlD^®K 
mflsf^PSaS^Sa* 10S(a factor of 

io) &tt*.xmkti*.*Tb^. znzozm 

^=5r< fc 1 x i o 7 M-icomm 
X\ #4L<tt**<fct»»5xiO' M-'^ffitt 
■C. J:')*f4L<{4^<i:i> lxl 0«M-i~l xi 
0 9 M- ' 4 fctt**Ua±tf)»f&tt'C. t § (c (4 1 x 1 0 

1 o M- 1 4 fc»4 W;U:^gi«ttT'. WftjgSfutiR 
K (Witf. ^EJK) KlS^f 4. «SWctt. WftJB 
SfifcStKli. MitfthiMB«ffi|ftfl[(ffli«r. CD 
4. CD8. IL-2I/W-. EGFI/W-. 
PDGFL--br^-) WJ:3^t ^yv^f. ffiicot 

>C. $f«tn;JS. yT'JJUewi sSEIS. L—feU? 
f-f) . 4«4#hh^f«^*^ MttL 

ps, fy^y^r>K^yA^M. 4fcJ4xvcn- 

r^^yy^®) ^t*rft4. 

[0243] mm<nGm.*tth*m&simm 

*4. ffl^coxxf Afci3HT^fcJ:7j f ^lS<i4. M 
£14". s c F v{4. tt%4 , TS4$<lT*3 >5 (Fire 

(1993) Plant Mol. Bio 
I. 23: 86 1 ) , *LTK»£&3Rfci3VvcS 
^t4)i£Sil»4 (Owens RJfc^You ng 
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RJ (1 994) J. I mmu no 1 . Meth. 

168: 149; Johnson SfcitfB i r 
d RE (1991) Methods Enzym 
ol. 203: 88).? £fc. lUBffifttt. &t# 

TfflMf,il#5(Rettleborough^, (1 
994) Eur. J. Immunol. 24: 9 
5 2). TOHUHfca-H-f-aEWIi, MMZtm (M 

J: OaWflrh MH^JfiLftSr 3- K-f !> J: oK. BfM^b 

BfcfcHTWKSft. (Witt. imUHiMWBU^v^TfB 
[0244] DNA£SHfgiftli. ftRWfcli. 3-F 

E5dtfHftRritfc:aBsnfc«jai!WDNAi»it** 

[0245] Jhifctf) J: ^ D N AEWi. EWfM 

«wfc». x t-y -A4fcms±w»6*D n Aco&m 

Jftfc. fl^K??-^ Bra«ODNAffi?iJTJBIME^$ 

ii- ( Wx.ti\ -f 7 'J >-4Jtli"*:*v4 v>) 

(Hitf. *H#I^4 , 7 0 4. 3 6 2^ 

[0246] XffiOfl&ft ( Witf. t»iT. 

K$£(£-t6;fc#>£ffl^;M|.& (Winnacke 
r , r From Genes to Clones, j 
VCH Publishers. N.Y. . N. 
Y. ( 1 987 ) £#5&<DC:fc. ClfL»i##h LT* 

T^ilfi. CHOH». ««OCOSfflfl&l*. HeL 



«. m-^-, iVAyf-) (Queen 
(1 986) Immunol. Rev. 89: 
49) . feAViSfSfcSiiSrn-b^y^fllWBHa 

IN httfwyjfrZ. SV40, TfV'M/l' 

[0 24 7]»|£4*<9DNA(E5W. ^^-ttx 

>-AXt-tt. rat-^-fcJ:6e^*iaiirt-410 
bpfc300bp W|B]<O^^IH1tE59T , S>l> . iy 

x>-y\>-t-3&Jffifla5ii. CtLfi. SV4 0iyAy^ 
IN b*/fwQ4 )Uxx.yj\yt—^ ;K'j;t-vx 
w \ y-t- a X UT t J •> A )VX x yj \ A% 4 ix 
&. V7^^g/D7 , U>'*fSxyyN>'-t-co«}:^'5r, 
«?U41*lS**^xyy\>"<f-E?iJt^^. -®lzm 

[0248] i*?LiMft^fBK^ ^-^f A«i47t, 

-<0»i, h*n*»U^^— tfiMrF (DHF 
R) . ^-sy^df^—- tfiieF (TK) . 4^»±^W 

Gm?mmm)comi>Mi&Mfc?v>mi,±. G4is. s 

[0249] ae^CDDNA-b^yhS:**^^?^ 
-14. «MSW«±^-f7'Ktt#LT«JJK0*ffifcJ: OS 

V<9£ffl&-&fr (HRfc. Sambr ooktf>. BlrtiJS- 
fc ) . 

[0250] -BJg3S$fL& fc . tS*. H"r CO^-S^g 
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y^mStaaWrif (HKK. Scopes, 

R. , Protein Purif icat io 
n, Springer— Verlag, N.Y. 
(19 8 2) *#!HC0C: fc ) . -BSSftttitziiXmU 

teiVIBIfStiSV^TfflV^fL^S (—St. Immun 
ological Methods. Ifcitni^ 
Lefkovit sfcitfP ernis'l, Acade 
mi c- Press, New York, N . Y. 

( 1 97 9&J;t>*198 1 ) Z^mcozt) . 
[02 5 1 ] *»?H^*ffit J: 9^3*i4S*W±, & 

?BKS*lSfiW {mm. e rbB-2, CEA. CD 
3 3. SJ:lXS««tffl»^*RiOf6^«Ki5J:L f S^ 
*yA-) fcte^-tS, 

[0252] ( Kft^w W 7' 'J -v KX 7 tl - - > ^ r 
) >-^-y7'J>/iiS^{i. f^^ci^f 'J 
^7°^r HE5i]t&&1"& ^177 y - x yrt-^mtr 
ht&xnv-J^ 70 -/ K^y 7 'J— — > />7.T-X,r^ 

? y - - y y-th z t tz i 0 w^fcfcSJRSii*: 7 a r 
->us*u zixj yt'hn&w/ttdtJ yt'xm 

&t(,z£ 0 y-r v 7/U£;fi& . JX^T'x^ «y 7^3*1*: 
£l£. SH2K>-f y) fcU&-£-t£5-f 7'^y-^yA 

ttzimcDir&mfeztitzxv^Ti-mm (mi 

So 

[02 53] ^ftftjeS *lfc*y ^r?- FE?"]«£-&1~ 
^jK'J ^7*^ FEW £ I*l5&t I) i o^T 7'D 

JH^TV*6 (Ch i en*>. (1991) Proc. 
Na t 1 . Ac ad. Sc i . (USA) 8S:9 

5 78) . ;orrn-f(t te^T?^^-*- 

(Fields SfcilfSong O (1 989) 
Nature 3 4 0:245). iWGal4*K^ 



y^»±. DNAS^l3J;tXifi^oiSttfttaffir& 

^?JC <-2fii. ^^V'^WAtfy^rf-FEW 
KlB£S*lfcS»Ga 1 4 DNAg^M>fy^ 

0. ffctrte. m2<D?y^?m<DXv^T*vmttzm 

ill). 2^^^y^°^®ra1^^c7)S^ N Ga 
1 4 DNAJg-&HX->f yfcGa 1 4*814^ F;M y i: 

mm$LL. :nuGai A^^mzimm^zmm 

ZiltzUtf-f-MB? (Witf* lacZ. HIS 
3) coe^eoiSttftSSK . ftSWte* y-'vf^y 7 

Hffiji. ^o^y^^stffis^ffl-rsas^y^ 

rf-HEMSrPS-rSfcWCffl^tilS (Si lver 
SCfcitA'Hunt SW (1 993) Mo 1 . 
Biol. Rep. 17: 155; Durfee 
£>. (1 993) Genes Devel. 7; 
555; Y a n g ^ . (1992) Science 

257 : 680 ; Luban^ (1993) 
Cell 73:1067; Hardy^ (199 
2) Genes Devel. 6; 801; B 
arte.li. (1993) Biotechniqu 
es 14: 920; J;tf V o j t e k £>. (1 
99 3) Cell 74: 2 05).LA»U*V- 
•M yy y Fffi^SS**, a2fD-l^^y^N^»^ 

^{zmm^h- f mcr)9y^9^^m^n^htz^ 

{zm^hixX^h (L i BfcitfFields S 
(1993) FASEB J. 7 : 9 57; L 
a lot, (1 993 ) Pr o c. Nat 1 . Ac a 
d. Sc i . (USA) 90 : 5524 ; J a 
ckson£>. (1 993) Mol.Cell.Bi 

01. 13; 28 9 9 ; ftitfMadu r a£>. 
( 1 993 ) J. Biol. Chem. 268: 

1 2 046) \ yYisAr-Mittz. 2o 

<D&ftcr)9y^9n<Dmmm^hm%Y*4 y^Rg 

fSftftlBardwel (1993) me 
d. Microbiol. 8: 1177; Cha 
kraborty^ (1992) J. Biol. C 
hem. 267: 17498; Stauding 
er£>. (1 993) J. Biol. Chem. 2 
68:4608; fcJ:{/Mi 1 ne GT&Jrl/We 
aver DT (1993) Genes Deve 
1 . 7 ; 1 7 5 5 ). ifcli*-?)* ^A7W 

^<*>3fVt^& ( I wabuch i £>. ( 1 993) 0 
ncogene 8; 1693; Bogerd^ 
(1993) J.Virol. 67: 503 
0) . 7-A^f7''j7F^fA«ll 9VW% 

$M&m>4 y t'xx'n&&m%thtzMzm^c>ti 

X^h (Dasmahapat r a^>. (1 992) 
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Proc. Natl. Acad. Sci. (USA) 
89 : 4 1 59). fcSV^l. E . coli/BC 
CP ffiB»;'J-^>/ym(Germi 
no£>, (1 993) P r o c . N a t 1 . Ac a 
d. Sci. (U. S. A. ) 90 : 933 ; G 
uarente L (1993) Proc. Nat 
1. Acad. Sci. (U.S.A.) 90: 

l 6 3 9 ) 14. nEftm+&fyWKBffl ittch 

ktifth. v H r- A t J: 0 Sfl? S ixfc 

7*wkfcJ;tX^-y7/!^;fu ^LT^feflae 

± s s9-2&m (#ftifclittft) &J;tf ny-fey-^xffi 
[02 54] (ffi«/S'J<?)7:r-v.y M 

& ) : wfofflizmtx , >r ( mm. n a + 

V7^W >y H^tBWWifirS^ttSIIBLfl, 
SSr±S»II$ii:. * LT«ftO^£#t6 54 7*7 U- 
[0255] 1 ocoSaBBWfcfiv^T. ffiMtt* #>J 

»«K0. 1-2 5^— fey biT. LtfLJf«ft«K 

2. 5-1 5^— fe^hit ft»««&i 0/a°— fey 

WKIi, «»«JS0. 1-2 5A— feyhiT\ U£L 

immmm 1 o ; 1 y h a t\ y /rae 

. A y b* h nr<0B7~- U y^<0K5fl#Mtt£ 

If. 'J b'-^b'D'J Ky&if) . 
[0 2 5 6] loco^ffifcfe^T, a#$*i>t^'y7 



ZtVfr^ : •£*Jl'hV**>UTy*-*}J*7n* K (C 
TAB), ft-ftHr^hU^^Ty^-^A (DT 

abk feivaHtTh^-xf-^ry^-^A (tma 
o 

[02 57] looBBBtfcvvc, a#3*utx*v 7 

m#®£mm&fr£tzwmmwzmffi?mmm 

aTff¥tfiotl&tf. ZtibamZti^iE. co 
li r e c A?>J*7K. T4 uvsX^W 
Ust i lagomaydi s recl?> 
flfi^«**<9ffi0D r e c A7r S U-'J^yb' 
-h— tf. -3«|^?^<?B (SSB) s Udfjf^P 

-fw y^-K'J^7— Wi, UfLtf3' 
mzmtR&J:V/&tzl±A?V--y?*t ) z£-oTZii& 

[0 2 58] CJ3yb"t-fe7W7f) ynyt't 

ilfc D N ASM fc i £Xf/±'fc 

*i. Unyb'^— ^T3&««rtl2lT 

^^^Bffio^Tife^i^t^i^s^^r6Re c a* 

W&L9VW&<nyT 5U-S:V^ : ( i ) 
KWiTHftWfcKy >f ^ - K fciESIt*g^L-t LT 
Caattft-TS. ^nyb^-^^yy^®^^. 
1/ ( i i > 1SlfflWh*@E^J^^W^aiL^LT^^ 
fciB^-rs . 'J ^yt't-^ y^fl/fl&WbK'J 7 

r e c A«^yA*^»{7)If4S^yv^«(iliDiT. ft 
t)S<1*aWtfeilT^6recA^yyV«i H E. 

co 1 i i*^tcO"C*>6 (IJlJiJf. recA8 0 
3) . ^^<«W^\ aeSffittSrfrfSre 
cA«»jnyh*^— tfS-W-rs (M/lif. Fugisa 
wa^, (1985) Nucl. Acids re 
s. 13: 7473:Hsieh^. (1986) 

Cell 44: 885; Hsieh^ (19 
89) J. Biol. Chem. 264: 5 
089: Fishe (1988) Proc. 

Natl. Acad. Sci. USA 85: 

3683; Cassutot, (1987) Mo 
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1. Gen. Genet. 208: 1 0; G 
anea^ (1 987) Mol.Cell. Bi 
o 1 . 7 : 3 124; Moored, (199 

0) J. Biol. Chem. 19: 1110 
8; Keened (1 984) Nucl. Ac 
ids Res. 12: 3057; Kimie 
c, (1984) Cold Spring Har 
bor Symp. 48: 675; Kimei 
c, (1986) Cell 44: 545; Ko 
londerfe. (1987) Proc. Nat 
1. Acad.Sci. USA 84: 556 
0; Suginoi, (1985) Proc. N 
at 1 . Ac ad. Sc i . USA 85 : 3 
683 ; Ha 1 b r ook*b. (1989) J . B 
i o 1 . Chem. 264: 21403; Ei 
sen£>. (1988) Proc. Natl. A 
cad. Sci. USA S5: 7481: M 
cCarthy£. (198S) Proc. Nat 
1 . Acad. Sc i . USA 85 : 585 
4; Lowenhauptb. (19S9) J. 
Biol. Chem. 264: 2 0 56 8. cZ)^: 

m*£>illt: : . lilod^^ilCn - : recA. re 
cAS03. uvsX.iSi^recASSftiiJ: 
yrecAtt'j3>h't-t'(Roca. A. I. 

(1 9 9 0) Crit. Rev. B i o c h e 
m. Molec. Biol. 25: 415), s 
epl (Kolodner (1987) Pro 

c. Natl. Acad. Sci. (U. S. 
A.) 84: 5560; Tishkoff^M 
olec. Cell. Biol. 11:259 
3),RuvC(Dunderdale^ (199 

1) Nature354: 506) , DST2, K 
EM 1 , XRN1 (Dyks t ra^ N (1991) 
Molec. Cell. Biol. 11: 25 
83), STPa/DSTl (Clarkfe, (199 
1) Molec. Cell. Biol. 11: 
2576) . HPP-1 (Moored (1991) 
Proc. Natl. Acad. Sci. 
(U.S.A.) 88:9067). fl&^XJS&flg 'J 
^yt't- (B i s hop £>, (1 992) Cel 
1 69: 439; Shinoharafe, (19 
92) Cell 69: 457: #BJBBW+T## 
tLX\mZi\h) • RecAll E. c o 1 i 1* 
{mt\i. E. co 1 i JC 1 27 72ttfcJ;tfJ 
C 1 53691*(A. J. Clarkfc^M. 
Mad i raj u, University of Cal 
ifornia-Berkele y^toX^IW ) ti> 



TIMET b tyyT^xJ j «Br5^SF^^-± 
fcrecA3-HE5lJ**tf. recA803^A? 

m±. ifarecA^iKiM^ mmm 

a. mm. Drosophi la. mm. t 

K tS£V#hbWftmffl&&*0. recAta« 

Ti&wzm&ttTbfywK re 

c A&Unyb'^—tf) Sr^frU syb'ir— t£j?yj*? 
&w*< r>ip0M*9t?&T b . 
[ 0 2 5 9 ] Re c A?y^;f II ftSWtli, 

E. coli re cA^W^HfcitfKSISre 

c as o 3?>^?wi)K z<q& o%m^mmzti& 

b. recA^WVfli^ Mitf. P 
harmacia (Piscataway, N J) ^ 

[0 260) RecA^A7fli -«DNA^3 

•f&. ^^>V\ 0 ?M7>f WC&^T. rec 

A^yA7f(^l^y7-^\ *!)3if^U*^Pt 
Sfrt*. recA^yM^-«DNAi3-f 

>7tbzmm±. *mb\zwm#&Thb#: 

?'J) ±X*<?)r e c AOft*jeoa-HS:»tf» 

't-LT« (flitf. SUM. »fl\ ifcWSJttft*IUIS) 
l*rC#JK3*U -*«DNA^ c tt/2*l|DNA^M*- 

[026 1 ] SWa«?S«ffl»iS:ffl^T. RtaKFflrEM 

emu. ioj^^fim»wfi**EW mta. t 

If LOT 2ocoifflBl SMKI^ctlf'SbpX^t- 
frb%&FLPS&£9M8ltiL(FRT) (O'Gor 
man£>. (1991) Science 251:1 
351; Parsons^ (1 990) J, B 
iol. Chem. 26 5: 4 527; Ami 
ni, (1991) Mol. Cell. Biol. 

1 1: 4 4 9 7. *Bfl*BI»4»T#*fc LTif 

b) )£m&2tlb. FRTEWfflV^ilfia^. F 

T\ «*&;lfcii&'^EMH;< WASfiSfrifcttK 
£#£*f 6 . FLP/F RT»<J>ft#fcL tlTSr-SrO** 
CliifefclSgSiii:^ : 7r-y'Plc0c re/lox 
% (Hoe s siSit/Abremsk i (1 985) 
J. Mol. Biol. 18 1: 351). 
r/W«(Steitz^ (1 990) Qu 
arterly Rev. Biophys. 23: 

2 0 5) . AC0a t t B/a t tPKNunes- 
Duby^ (1987) Cel 150:779). 
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tiZVWr V*7t- : J\. <j!>8(K P22. P2. 

'J^yf-*-— te'fM >T?y— te'7 r 5 y -tUf 
Ar gosf), (1986) EMBO 
J . 5 : 4 3 3 <*g»MW'T##fc LT*gffl?ii 

[0 26 2] (XdfV^JJ'UT— fef) 

VXy — fe'Cio T ttJ&£ v-v -y 7 U y^iHgRJS 

6. x*V*?l/T-4£^*^S*Wfc»*«)Blfc 

£il4>fcR$gS*VflrH. x*V*?U7~tfO)W 
(i. UTtrftS : 
Ba 1 3 1 

•' < 7 -r ' J # 7 r - A X * V ? lx T — tf 
E. col iXJf fcf I 
E. col ii*V.5??UT~fe'I I I 
E. c o 1 iXdf-Vif te'V I I 

-••>?^'J.+ 7T-i/T73tf5^6, 
[0 2 63] U^^'Jy/Cstutterin 
g i ) 1 mmwX'li . &#5ftJt ^-v •/ 7 'J >' 

ij. S7---U>-^Sn77^yHt^iX7t7-f 77 

^ 7— tft'0#« ) ^«r< t i> 1 *H 9Mfi* 

^m^tvkmmsm^mxm: (Kmmzwj?%< t 

t2 0A-— feyMilb) ffl4J-*4ti*frTC1¥fcii6 
*tr> USCtt&h.. -tLTSrx-yy^fejirfiiBo 

^ (4-&< t i> i -tf-f ?/ur)wr--v y^axx/mm 

i-S-ry7-p-h®±fWT--^L-?-LT, W&ZTy 
[0264] 1 mmWVli.. KSFSilfci'-v -y 7 U y 

otifli^ »i^*y*?u**-K»fcWi6i-&««*> 

ft£ com® IX H4-**D NA75/^ y b«0JR*!t% 
W1B3*J* 'J * 7 U KSO-te yhM LT 
'friotl. ZZX\ &Sm.y=7'7'*VY\,±. r-yyu-h 
t LXim-f hW, 2 <WJ 5 ? Vtt F8£y W 7 'J ^ 
4 XL'cLXZffitfV Z 9 Vtt YWb*V)W) 7 ? U 



<oa0£tfcV^-C. TyTV—btlXftm-f&$52cr)# 
y*?M-*Fatt. W^/Ktm, Kunke 
lSry7-U-h) *LT*«WCIBIfirtTli 

JBUKTtt. Levitchkinfe. (1995) 
Mo 1 . Biol. 29: 5 7 20;fri6£ffl^£ 
x-v v 7 U y7<r>WM*r4 9)V ( J: 0 PCR75 

it l»^K?iJ07 -yl^p £ 7 1 6 fctf>fc:t£ffl 
Sill,. 

[0265] 1 O<0^ffif{±> ?St#Sixfc >--V -y 7 D y 

totcT a q # ij ^ 7— wmzti&mmmizii^ 

X. r e c A££lifl!l<Dtf'J.*7~ tfO»(CJ:oT. 
^>f-yf->^i4fc. S*#te^<9ffi0)#BM>$r!&» 

[0266] HWW:*ffi<^SJIdB*fc:isv>T. SMfl 
^i--KU5^^^H07^77U-{i. 55Kt#«Bt 

& fflttt tdmfcTwn&MfcTx-h h f 

<ki)5 0O5I^W5 7U-^H (^<t^7 0^- 
•te>hWJ|SIH4, ff*Ktt^«flr<i:t>9 0^— b 
y h WEMRI-tt**t6 ) <omm^ts^< ki>3 

(i, ^n-n>-^fc:j:s*>i3tttDNA^)S;^-rs*» 
0^-m*»T\ XVZtUXI-FtLXftbtl. ZLX 

*m\<m«wmtmm<?>^i'tiMzk-?xi'* >y 7;u 

[0267] slsf^o 1 o«05BI!B«fci3^r . 

titwm&*.xv 5 ^ - H*>fe^ 7 u y^$ 
iirv^^a* mm. mm) mz-thZhtth 

xa*fi*i-4. v-v 7 7 y y^SfiTv^v^Sfttt, 

afcU«»t fefLftfi : ( 1 ) » 1 ««5r 7 U Kl£5'l 

atv w -f y y x-r h if . ^ 2 <rm# vzivxi-y 
m\m\,zmv.mz>\4 ^ y ^ x \ s 1 ^ p c r 

7*7^ "7-. fccfctf ( 2) m2<0ffl^'J7 ?u*i-m 

& \4 7 y xth m i (r>mx vztuti-m 



(67) (00-308490 (P2000-30M8 



fcjWWt'W^y^XL*V«2<0PCR7"9-f-7 

-. *<sDt£H. Sl^PCRr5>f7-CM 
yj^X-rifflWHIBil^MWt*^ 2 <0 

PCR77-1 7" 'J ^ Xth W, 2 Offfi^lcD 

[0268] *»9i*> 1 oflSBHHBlMcfe^T . r ^ 
ffij Mftf¥-ti i £&Ztin& . 2-pJ3Lh««.if U * ? 
f-h* (WifcT, ae?> A*. PCRiMife:*»*fflHffl 
I'M £ U^JWr ? nX7" 7 -f s y m +^mmu 

•MB (*fctt-rSi»j ) lfiW«?ftjW. ^ffi® 

iSKrBM (*a*fc»4WS) U. nyfi-^cj;^ 

[0269] «»4iMllia4fcl4lt«t 

M38a^k ^xtHzin --X . A > h'.-K-r-RSWMMiS: 

7f-7-/Mi. rT'-aKi^fSi. *T-i>izw> 

HR&L. 7'yXS. Yt^A >VX>crm<r)Wk7L. 
T^filfU (mm. 777. = F±^2 0^12?i]S) r 

iiicj; oa yt*m&z.mffititcmi. mmtfzux 

•y 7 'J i^S- 1 [ak SJKS:^ ^>tc— HI. 'O't'hnj/t 
v 7»J 6(c 10. *«fct^«R*SA>Kllll. ff 

[0 270] (a) T5.X$ K-777.5 KIBJ&i 
#'J 5 7 ual-f - H^)J|MIMirf ft 4 .. SaVBflUi. il*. 

%mztvt:i>0) (mm. Koa^apcR. £j£a& 

*£<0l£SiT*4. £ffS!£tt. ^=5r< t . fflSUfc: 
J: ■oxmmm^ 9 t^»*«ft*«4tf»6 . +t>&£ 
mrtfitP6EL1ttttia%t>&\ 4*5r< fc t> 2owr»ffi 

^. 1*>U ffl'#li, lOs-lOM/'A'-^ifo? 



RHtttflPt*. 0- l~2 5X<0lBOlSCl'C<0#aMt 
*«. ftffiW-Cft*. 

[0271 ] £fi!&^WA*. 7-77. S Kfc-JR O&ift. 

79- (mm. fflat&ODV^i f— 7*77. 5 H ) T'ft 

7*7X5 Ftt. MOBiiSfg££tf. Sfttt. Htifcti 
«4iT5^5HtlX0a4<lft4. LtfLHT. n&s 

;M 7°c97°7 7.5 YW. 'J?%<ki>2m7A7cr)'<.7 

7 - z-£tsmm<omiR fcisrtrefc-f * v > hti & . 

■46r?x5 2ooaiJfflcWRt^*B*»fe»4.it 

T. .WSmX'<D2r><omts:hryX S HOKJ&Sriftff* 

[0272] ^«**3l$-^tf7-7XS Hli. fesOh 

7yx7i?i/ 3 ys mm. wmtttowm* ^. 

b i o 1 i s t i c s ) Iciot, MtiHZMM'^MXZ 
tit. UiUi. 7"77.5Hli» fia?PigJS (Sckhyy 
xyx7is3yffijil,zmLX) &tt**?>tt&X'ffiE 
LX , Wl IMM^cO 1 oJjLh07" 77. 5 Ffr'ff A"f Sil 

m^omwz&tsTyxz h«. Hi* 

f^cOTTo-f-tcfc^T, W«i7°77S H^lcO 
7 >, J3-hT"N7>7.7x7 h^ixT. h7>-77i7 

H 2 COT 'J n - h-CUBftSnfli . 

[02733 y'yx S H*«rtA^x$^L& t . fflJS 

**'«S-«±4ikfcJ:-jT, ®.%<?>m&7yx~- H"> 

tcoiiciii-rfiwi. c: fc t j: ot . mtnztm 

h. Ztiit. byyX7 3i7hZtitzMM$:X-\s7hn 

^bo^-j/a^^fHi. ^*DNAS-«{;®A 

(f, 1. 0 0 0-2. 5 0 0#;UK 40 0juF. tJ«t 
t^l~2mM gap) . Ztlt>(03&TX'. 7°yXi 

Ft*. afBH-csaftSft.. zinzxo-kx^mmm^ 
mz.hti&ztt>t«jmiz%&. s*,t. 

»£. afliOffJ^iifc. ^ttSSfl (conjuga 
tive t rans f a r > OffiffltJ: oTigT^ft 
t#l>. -aE^ttl^Srfllffl-r&fcAfc. *SSr, MOB,l 
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<£^£1rt47*5X5 VWz?n--y/L. ZlXt 

y>xx&®ztim. &&&mtMmt. 7-5x5 
gmx'ommt z*imiz l . <e UTJafrt-^i^Mfc 

36»#fc«flHl**iMS*4 £ k t: J: oTfii 4 k ^ 3 jft 

fte'iafc, U-f-^-MHatMill Mut 
L» S, D, T, H ; t h &gm ttSgffiBb&N' ( a 

taxia telengiectasia) $01)1*4 ) CO 

[0274] mwnmL* Lxm^i^timm 

HlW=tt«!LT#«tt*Ji*S***»i5)"C*i. fflf*U 

w&SMH&tz^xm&ztii. x? v--yy$tz 

[0275] i8jgkL<V&7>mt. tll5«0HIfc:fic#LT^ 

mmt&ztt,z£ix%ztLm. 

frafctt** <W<offlffcra&*fctt*iflr4) li. aft 
/X? 'J--y^4*»->TV^&«Bfch?>'-X7x 

?h£*u#4. <&mzmtx. mLvxmt. 

/x?U-^V:/£££SoT^4ffl&fr\ 2^^ 

*«{i$^4®c0ifi}&*.£SJt4. ?£#02oc9iMiR 
K(option) O^-fftaHiIfc!, vt , jt-fL£>ffl£ 

tt. JbEo>J:-3ic, n,7hD#i/-j/ 3 y.f^. i 
fcllS*- r~?-mM£m^&Ztt,zJ:r>xm±2ti 
f#4 . $ ti . X ? 'J— — y^VjHJRS: 

4#SoT^SJBfla*3ft<0DNA{i: N ttl±J$flt#, *L 

[0276] »2niaofflfliia. ss2Em«*?y-- 
fflrUfc.ttfjgR/x^y-^y^A*, §S2[Hig tpjc 



\i. MRHMr J: 0 . 1 %~ 2 5 XtflffircJW: "J . * L 
TISftefc 0 1 0-«ffl*»fc 9tt 1 o<^EIW)39«ta 

*3*i*jc*«>m*j: o^n** zm^nwg. mi 

{f, ^$r< fc fc 1 Oft, 10 0ft. 1000»4fcttl 
0,000ft) HtLtl*(Anderson & 

Hughes. Proc. Natl. Acad. 

Sci. USA 93, 906-907(199 

6) *&m.<nz.t) . 

[0277] 02 6ti. 7*5X5 h'--7*5X 5 KlflgU 
coflfi^Srxdf— n<oy\'^A{±. 7*5X5 

KfcHOa*. * LTJ?y#«'±2oc7)7*5X5 HSr» 
Oiitf. 2o<07*5X5 FSrK9&^«(COVvc 
(±. KfcL 3i}&boT;\**^C{C^-jg%££ 

t-S. ftwt\ r5^5H(l ;<*-UDfcijrf .fcofc, 

i 3 t#4„ <J^vf\ X:?y— — V TVgffi 
ft»-3*ifc«ttfcW*-r* J: 3 fcJB-fbLfcjieFtirt 

7*5x$ h (zv-ijmnmiRztiKwmiz&s-t 

4) S:1W*«l«Bi. ^^FfcwtiiK. 

[0 278] (b)^^f^-77ASMi 
T5X5 K-7"5X5 Hffl^fcfflV^fL4X.h7-fy 
-t±^7t. •^^f/l'X-r^XS Hffl^t (ii«<±. 7r 
-^'7-5X5 Fffifti) lct,ffi«$*i»fc. LA^L. ft 

iz *7A /ux<r>mmzmt^ v -> < 

ilf^-f^x^^-coM^T^^a-^y^^ixi,. a 
IVXK? ?-\,zft\Zi\. -eLT7'7X5 Hfc 
t¥A$fL4£tli, ii^ttST'ti^v^. Ji^>7-f;wx 
7-5X5 F**^S^4SKS:^tf{±-rT' 
*S. WttOiafc:. 7-5X5HU, ftSlWfcrtt. itR 
•e-Xr-Sr*tr. 7*5X5 KfcitttM^'^^-tt 
Stc. ±IB<0J:-5C h5>-X7x^>-ay{cJ:-oT*rj 
MzmXZtiVkh. LA>L, J: 0*SS4r*l«a. 7"5X 
5 HT«h7^7x^-/ 3 >-U h5>-X7x^ 
^>-b$rS^L. -?LT'>^;UXT-h5>-X7i^^>' 

v*maz-£hztx'hh. %<<r)^4)vx<rmk<rm 

5 >-X 7 x ? v- g > § ^ L T "S^ $ titzte t ^ fcoSffl 
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naif. mmmMtti-hTyxiFawyj )vx<r> 

I 0 2 7 9 ] fflPiiflUlf. 7*77.5 YkV4)VXtcr> 

ixnxzux. iffltr7xs Fz&mzitz. m 

tSSSfe*- S - i: fcTOEfc-**-* iitioT. f-f^ 
W><o^t7)^>f r?rJi^:$-t!if&. ^<-3*>w>>f ;U 
.xo^Mrto^Tte. ^/l^iSSfeWaif. SfUSSfc 

^S&leiO, fccfctf/afclfm^Jfcfc^Siilx** 

[028017-7 ^.5 F£*ffllB5: «74 /l^-CiSSfe $■£ 

a 7, (flitf. 7 < 5^»tt7T-y) If. *ffl&l*)t" 
7 5 .7. 5 H > ftCSJe'CfiPIt L . * L T * fc«B*» 

S7r-ir*LSt. f&VrjUj. (PR If. 37.5 
i'yyArSfSA ) l±. 7*7^.5 HCO J: 3 flSt' 
ri±t§ ~ >^<aK*(^^lc#41-& 0 flii 
r:.^ -f /l7. -;<PRif. T7r-i-'^J;L<jgSttA ) If. 

7-7.7 = Kc^mmi^ts*\ «fi6<i(cifm±ai^ 

*SL^LT7 ; 77.$KDNA&K^'S». "tefcfi-f 
C t & < flUBCJSfrf & *7 4 /P* fcoir vC U: . £ 7" 
57.5 FSit/^^T^frJW*. 7*77; S F-7* 
?xSH«Mii:RiaW)Tro-f-*ttfflLT. 7. 7 'J 
--^/IHRSiiftS. 

ij - - y y& ;tif iitKr -y -t 4 *\ «rt -cwasua 

-fykT.a^lfiltfX?*- (<?Rlf. 757S F^?* 

-) IcflSix. *LxmR/A9 

miz . iffllflatll F 9 >- 7, 7 x 7 F 3 ft* WUMr & 

[0 28 1] 7^ 7>yM»7r->-'lcov^Tlf. 11$ 
JM^OZTcW^WJ&iilf. 7-77.5 H-7-77.5 F 

ffi^fcJtfSLT. vk^j^s &=*>*»««£««* 

PRJf. DNAIf. 4 yVhaimtVfflXr&mt 



5y^7x^F5<ifcfr»friHIB*. F7VX7x7F 
T. *SHHi s -*«A?f-y:*7T-yfcJ:tf/:ifc 

ii7T-i/'s f*<oj: 0 %mm<D-*mmfflX'<D®®t£ 

[0 2 82] H2 7lf . -M^X-T^XS FiliRlC 
O^tm^f-A^PJjK-ri). ^^Alf. 7*97.5 F 
$.t^A)VX<??-\z?u--y7\^tzmk : f<m: 
m®CDy4 77V-£*t. K^X\ 7*77.5 F£, 

jtwBkTFtzoiz. mmzmx-th. ^4)vx¥j 

Alf. -f ythnX'^ytr-i/Ztl. ^LX^lUBlZ 
>-M^7.yVAtf. ^°^;UD t^1-7°77.5 FiJit^ 

)vx<mm&$L t h t* 77, 5 f 7-v at-oihsu 
tth. 7*77.5 Ffci^-f^xyyAcoM^rif, ^-^ 
)VE&&xfFizm^m>kihZ btchmtnim&z. 
wmt.*9W*h. x?v--yy/®mz*^x. 

j^/lGlZTfitkolz. 7.7 iJ--y^/iM^7*o-fex 
(S^SrW-f 67*77.$ HtJiV/ifctt^-f fcXYJK 

^i&w&tmi&ixh. z.ixh<F>*7A)vxyjus.z. 

^^5r,«lcffLhH$fL^>7-f^7,4'Ct^it-r 

4. 

[0 2 83] (c) *7 4 )\,X-*7 4 )\,XW&L 
T7Xi F-7-77.5 F*amifcJ:^7*77.5 F-^ 

jtt£07tJ6c7)fl:%jcoaKlf. >7'f;W7.<7^-IC7D- 
#ifcL<lf, ^-f^lf. **. ifctt 

sesco^s. mmm%^u >vxx'b&. wx&. 

HiVxfJMX. ytbaX'^-vlr-itZti 

[0284] W®<r>mmkcr>. dWIMt. «BTfl» 

A\ A37.5 FifclfMl 3. FU«iFd7r-y 
5 F^io^7r-^5 F7"VAS:*-ri»*l^. 7r- 
i/5 Flf. «l*lt-r77, 5 Y<r>i. 0 tzWhl. * LT 

8li If . DNA ff)-*m<r)BB<r>®X-mz1im' 
hh. «9XU7 hn^-j/g^tJ;-) 

r«i*s<ii*4. mn/x?v-=.y7izm^x. mm 

l&Bff-ZiziszxS. Flf. ^#S-oTV>S«BB*^ 
( tf , cos- iWJSttfSiitHEcO^l^ t J: -> T ) 
EUtX^it. ^yh'FaT'S^°-/^->^fL. *-LT£A> 
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[0285] )UAff7 4 y*ybHk7T- : SV&& 

fi*fc*rt-4*M;kX'W-*. £^«&if»>£>J? 
ti&. ifcoaSK&'i. 7"5X5 K-^-f^j^ftifc* 
[0 286] 02 8'i, *74)VX-*7AiVXWki.<r>m 
^o-^T'&fva^. Sfti^^S KDNA'i, -i 

t4£<<93X5 K*m«;:A4. affl3*i4llB 
«. cos- A* flttt-Cft 0 . £ti(iB»KO|Rk:«JKtt 

-f4 . 3^5 FttattrtTtt]ftb4 . M u t 

D, MutS, MutLt*4*», fcilX/^fcJiKS: 
r e c A£3B»T4a±aB<0flEffl(cJ: oTMtSmt 

C-4. 

[0 2 87] (d) Sfefett- m? FlfiflU 
Cl?>7 Mi, ifefef*c*5J:I/7 - 5>X5 FfcfiMrr 

4M#ii|#*afc3*4fc»fcttJ8S*l.*4. <I<97 

bit. ^^^m^m^tmmmz^-th 

ttffl. ifc«iaft3«4*SSte^£^:iE?»fi» 
AOR)lT*>4tt8lT\ #fc*JflT*4. 

4. afc3tf4l»!rftra^#Bf»rc*4*£. 
4. a-fl:8**»fe*«ie^*«ta*^Jts*i.Tir^v^i 

£\ ftttoSJNi. a#. r<4*<0*L,iWiMI;3-£$ 
**a&F (JUJRi^ttffift) t*«-&i»iJR-ttS7n 

5X5 FflMiSHfcJfefettafirF («Ki^UIHK) fc 

ora«*«ttii. ^mwmmzx ->xmmztmh *\ 

£**rf4 75X 5 F H#4 i t fc J: o TSWSiif* 
h. 

[02883 ®®lcr>fc#>cr)mzmt&?7X 5 F 

xi/^ h-QtfP-i, 3 >'tCj:-5T*01Jiar a 1t'7-7X5 F$r 
S»$-«:4Cfct«J:oTllPa5<l»6. i£ft(i. 5.x- 

•r-f-mzfflmw&mzx-ox. ifcttsa— f-^ 
-ffiSiffljfi-cafli lt v *4 # s 3.-T—9 -m±mm 



"5 r?x s h'a«iuBrtig&£Siirf 4 dfctcioT, $ 
^7-$rg!fKv-#-$:£tr. Sffi/x? 'J-^y/fcJ; 

o t , fxmmmmm 4 ± 3 rant uzm&^a x 

.tf/4fctt75X$ K*»fr*4<l»aTO3*l4. 
[0289] sous xxmm/x? V-=.>7<V<X<?) 
Eli, 77XSK-77XS FiH&xfco^TaMSLfc 

ti. r5X5FOxb?hu;KU-v 3 :x£fcte$£-«9 

m^tm^bitx. muznizmix^hMM&m 

fcfc<034>$r*aW£«*f 47*9X5 
T^4«::gA$:M#4. ff4L<ti. £<0J: o&r 
5X5 Fii, JI*4Ta^*»4*-C**). ^LTtc?) 
7-5X5 Ffc#flr4aS?v-;5r-£fi8rU iJwflKfcfc 
2o*>#fir67 , 5X5 H**ttiBUS<oa«fc^]m:-r 
4. £<b&4tt§kLT, r^XSKtiiV/ifc'Uft 
feftDNAfi, £S»oTV*4»IB«oaHWI^t** 
£ix, *LT3S2<0&#mHCF5VX7x?FS;h.f§ 
4. SHSflsDNAli, by>zyx7i/3>cr>mz. 7* 
5X5 H^?^-{C7o--y^$W#4. 
[0 2 90] 02 9ti, 7*5X5 F-ifSrfefti- 7 7 'J 
y^OXdf— AS:^-f4. ^/LAii, 7'yXSb'^ 

7°5X5Ffi, ^*;UBfc^rTJ:^fc. JBWafc^A^ii 
4. ,«4>T\ SSL. *LX'**tVC 

ilf»4 . HMsD IZTK-f 2OO*MS05Jftft*ae^'i» 
JWr4*S«JB«fc:aftLT^4. x^ U-^y^/StR 

^/atRSr^^S4mao-«pffi&}li#t-4 J: a WHflsL 
fcftft*ae^ 4,«^|iIS$ix4 . 

[0 29 1] (e ) ^-^^X-Sifeftffl^i 
±S«Hft<?!)*ffik:i3»t4J:afc. ^-OWXti, a«. $01 
fla5:^'t'7^;UXT-'i:^< , * LT Ltt" L(f 7 r-i/'i 
£(27 7-^5 H-C*4. #WI±. H«Wt7°7X5 F 
-lftfe#ffl^i:lRltT'A4. fmttVtiihcrjggtf, 

<9?-wz?u--y7ztiz>. dL^x\ mnz&ts 

izmxztim. ^-avxyyMi, M&m&mi 
z-e&ztizx-ox. mz.m&fotimbz>. afla*. 

ii/; hD*rix-^ 3 yt«t4 , 7'f ;uxyyAt«Etert 
T®»Sii4 Z klzJ:-oX. Afctt^t y sl-yt J: 4 

/mmizx^x. fffaotttt£8fw-4J:3tca{fcLfc 



(HI) )00-308490 (P2000-30I48 



[0292] ffi&z.o&comz^x . v><o*»<oas? 
mitts *74)vxy;j>,\>, ii/7ho 

JBIB*»»3-W»4. iMtR/X? 'J 

£££ &o T v >i «UBft>6# LttJ iSfufc n^ttr- 

[0293] e. «^tt(B»fcJ:-4afi^MSfl: 

^laCigiSDNAW^f&S. Gu i ne y (19 
93): Bacterial Cnjugation 
(Clew el 1 II. PlenumPress, N 
ew York) , 75~1 041; Re iramann 
i>ic c Hass. Bacterial Conjuga 
tion (Clewel 11, Pleunm Pre 
ss. New York 1993). 137-18 

8K ( ^-km^mm^x^t ixtrnztiz ) 

4. StettC&ttifc. MfcfffiftM (Agroba 
cterium tumef ac i ens) i fciilNHIJ: 

-5I16528J-01461 2\tZMfc*tlhi.o\Z* it 

[0 2 94] StettKBW.- <E»«iBjft (or IT) *3 
J-tfRftt.&ilfirP (MOB A, B, fcitfC). 

iB*$J:tfi!**3-F , **l 5~2 5jt6?*»6£fc 

Ig^cO^iti. DNAlg^c i sCfeHtiglt 
^il&SBfti: LTffl££ftl>„ t r a»g?«, t r 
a. A, B. C. D. E. F, G. H. I. J. K, 
L. M. N, P. Q. R. S. T. U. V, W. X. 
Y. Z.vir AB (M4»M1~1 1 ) . C. D. 
E. G. I l-IF. fcilXF i nOPS-t-tf. o r iTIi 
ifc. l*iStraa6K^tt,DWr<t&. flBOllBJ&ttHX 
(Re cBCDii£8&(7)B*3t. RecA, SSB^W*? 

5, DNAx-v-f U- DNApo 1 I . fcitfDN 

ecEifclirec Fgg&A*. R e c B C D £fffg| U# 

[0295] t r a fights .fcl/MO B jI&TO. o r 
iTfcitLTc i sifctet ranst'M?W#S. 



If. I nc A. B. C. D. E. F. (I-VI), 
H ( I , Y) . i (1. 2, 5. a), J. K. L. 
M, N, P (a. /3. la. 3. 7. 10. 13) Q. 
R (HI. H2. H3) . S. T. U. W. X. Z) tC 

L*»U BfcTO£1^***>20(?y<?*- 
[0296] t r alfiWra- -KSixS 1 oofltjl-* 

y;v>mi6*(7)ffi% (mm<r>mmphm^mx^m 
-<r>#y<y3-v<oM£X'ffimzti&7 < =7*>v)X' 

L. LTfiNali^lf (conjugative br 
idge) (£Jt£aoTDNAjWfi»L#4) fr»ffc 

JlW^^r-Hf^ttffcSilS. Ztil±, oriTT 
e»$*l4*§DNA£1*BHfc«JBr*&. <KWC\ « 
BfSftjtDNAte. flii^t r aS^^ffltioTS^- 
ttaiffiS:3i4. 

[0 2 97] DNAJi. LT# 
iNIBIBS:J:0*»fc»«rr4. L*»L. <<> 

h. mt&, E. col i£DFr7^.5 K{±. 

imi*tl®&. Re i man n^WHaa s . Bac 
terial Con jugat ion (1C 1 ewe 
11, Plenum Press, NY 199 

3) m6$z$m>zt. 

[0298] »£t±. Mm?co$>m%tmi&M£!k& 

tez.ixhffim&msikxhnnh. zmsmext. 
{f. ^ io~ioo. io 4 , io 6 . io 8 . ifcti.i 
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o»»±-c. aaewHtLf**. uaru*. iH^ae* 

(*ftifc(4fflk) 14. mm<?)3.--v b t LT3WBBS 
L*>L, flfsi 1 (*fti*:<4«ft) oasa** 

*lB«OiMIHll4. ae? (#ft£fct4*&) £-Mr 

[0299] (JPft£ fcttfflk) «0*«=S*JB<0 

7 -f 7'7 U -14. ffl$»<£? *'3&Ji$ix*§l> J: o 
T\ &4tt^&«S*^£*trillii! (9-f7*?'J- 
tt4rt*£fOJ: o%Mmz-££ixX^%^tfofet& ) t 
Wiif. Jte? (*ft£fci4IHft) * ! rn 

tt»-CS3IR»3*i6*a. «HBI»»W4. 
*s*X3*i41!Hc. SWfcLTV^^fiWSiaikSiOS^ 
3*14. ftdttC^fc^S^KIEtt. *<0»SM«£tt 

51f5^(4. <9 9-* lofcIJt<9»fl:4 **.?*-. £tz 
«ifefe«*:*iiU»4. »fcS*4*f*!»fcJB!B<-0il 
g^<07^7'7 , J-(4. M^K^OfeS^tf^^- 

Apatite V >T . gW^ROilfs? O ? 4 y y ij - 
14. »ftft*tel4JB2^^^-+tCflqtU#4!6». £ 

£f4ig^ig£ ST^tr*.? ? -+£>ftb 0 U# 
4 . **fc»!B<D5 -f 7*5 'J -14. mtchWm.(?)Wj:h 

[03oo] , m*i<mwr>v4 yyv-zmttz^ 

9 -it. 2J«Sr< t b l-30*waft**tr. H&4« 

^-friaoc»*«aajfiii*^. ^^^-«4. 2o<o 

WRBjA ( loJ4£»?-r 7*C«IB«T** ("f fcfc 
*>. ytHK^-) ) . &4U4. K&SilfcitfK 

4*§£-t4. <^^-(4. ^exyh«t:isffiWT'& 
sa«ia^[*:*i4^ as**.?*-) 

tmt l\>\ o r i TgBffifcitf/aJtteMOBSfr?- 
<4. RK2/RP4 MOB*l8t^n-->'^4fci4 
IISjUuiKioT (Guiney, J. Mo 
l. Biol. 162, 699-703(198 
2) ) . ttdiMOB^y'y^ib'tcrimm^^ 

mmzi-ox. <9 9-izmxzti%h. *#&T5>x 
s nz^xmrntcxmi. fTns-Mobj w&m 

TftS. Tn5-Mobl4. RP40o r i T£-£tfT 
n 5 h 7>-X--JfVyT'fcl). ffl*«4\ p UCtR^IKfttt^ 
9 9-pKI 8feJ:l/pK 1 9 (Schafer*,, 

(19 9 5) Gene 1 4 5:69-73X4.51 
•ft $-£4^ t r ajfg?? -f 7*5 'J -eMWMtk? 
v-~V?'<.9 9-X'hh. 

[0301] sfcSTttSrua*. &%itli. 



fc8#l*. ^<99-\tor iT&Stsiii'X'&'O. * 

Lxmmi±. mifffy<.9 9-cmmmzmLtiMOBii 

J:t/tra«|*3SBS-f6l4-fTrft*. 2o^?)J;3 

[0302] flUBOJRftfttt. afzrP£WlJ3tf4fc*> 
t*fi:OjiflWr«Ht«f TUMSft.*. t r atsWrao 
biifs*ttW»3*l. ^-LT«r H n-^i)14<^^- 

9-tz9u-=.y9 r zti* %cr>xy;<-i,i. <99-<7) 
*#fcLTe»3*i4. $>®%74 yyV-ttdiyJ 
7*5 V -coff 5if<9Xl^ ybtmMfc^-9 9-lzft LX 
t7y*X'&&t *lWBt<?9-tfZ0)x.isji 
y hfc»*&tr*»4fcl4£ixfcifi< 
<b<4fl£»$ftl»„ ±ieoJ:ofc. ffl^a^S*'E. 
col i(7)F75^$ Kto^rS^Stje^ 0. -tLT 

[0303] MMfflVZmZcyJ 75 V-(0X y>\-7> 
K»«te*kLT. *MB0>^<O}W4. ^«^r 7^7-7 

«tJ**'S* i J: , 9^<^t4. HRte. *MlitJ:0PI 

^tt»**-C*6«^. <9 9-<0lr>it. WBWWM 
t&liZ-otlX&btiZ. ;07*D-fe^{4. 

mm$tihm&iz£*)&<mz&. mmmmmw 
ra ( zttitmb? 4 y&zxsznmMmfflmmzmf-t 

h) ft. i&8Uffi*IU4. ^i"J--V^4fcUaHKt« 
$il4„ m^^fS^fT'tcHflart^^-tScOT'. a 
BS;ccd::?)7*-V"/ NJ4. -fyh'^^'j-^y/i 
fcJ4«*(e0JWIIfc'0*****'C* , t*M-^. i>*>^/C. 

l4«St ) Ifim, ixim-ft fr£ fct4*<ifc:tJ v ^TK# 
Sii6C:i:*waSii4«ttfctS#i-4. Witt*. 

*geni»tt-c*4«^. »fc&#fcaHWHt*'frt4ffl 

o--*W»te«SEtt-C*4i|IIIB<oa4 ( I awn) T 
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12. *««^tJ:-5TWRSfi*5. 
«)B* f i»itoiiTfl!i«Hlfi^>f7 , i:«^r6«^. if 
JB5aK««*C* Oft*. iMS?/*? U-^y^fcJ; 
o T . JftM^tt £SfW 6 J: a Uifcfl: UfeSBfiff- ( * 

Witt. 2®B<r)X7>)-->?/mmt. - 

bis fc mmizfihh®. wawwtsaw-ri j a cat 
ftLfcae*£«fcfcMSfc*s. Mtett. sift 

TfT^cH (mol ecular breeding) 7 

r+5i-(c5I#L/ciig^ <JMM:fcl±»S) v®Wim 

[03041030 li. mffltWkttim&WI£&£ 
ioT fc'coj; o tatfl; Lft& . 
Ali. o r iT5rfl^lT^S'5rffiltt'<.??-£?o- 
- > 7 - S il^atftil 'jrrW 7 -f 7*7 'J - £^1% C<0 
tra«gB*aflW4J|!2«^^-Sr* 

t«£ saw-*. . ae : f0«fc4 jBJKifflsi*) o 

[0305] 1 -^cO^ffllCfcV^T . W>i"v "/ 7 U >-?* 

*ix#v?9is*+m»mMmmt% (mi 

If . 4 Vf/nv (Hal 1 JaX/C o 1 1 i n s ( 1 
995) Mol. Microbiol. 15: 

593. *wm»*Tmtiztm2h.h) > 

[0306] imW?> 1 OiDlICiJUT . ffi3E.mM<D 

fcswraayf j * ? u*?- HoaaiiSflHW* . m u 

tL. Huts, ££liMu tHWi $>!>• 
V^iMut^W^**fKll-f*ffiWlllB(XL-l r 



ed ; St ratagene, San Diego, 

ca) 4>\z$imi££iw&mg&tf t J??i' 
timh. mcrmmmnmiiMMtJT (mm. rtv 

-7V-Ti>? r Zmx , J*y--V£1it&fflM Fo 
sterf,, (1995) Proc. Natl. A 
cad. Sc i. (U. S. A. ) 92:7 

951. ^mm^x-mt Lxwazni > t> t 

^i:ENU, MMNG. -hoV^JR, BuDR& 
[0 307] ^•V7 7U>'i7'2rffl^T. PCRifctiP 

J:-5fcji'ft;?-i±<i<tSDNA^'J>7— b'Srffl^T. P 
CRfci^T. «*»«f D N AEflifcj&aJ: 5 *j&MSt 
fr C ±J ^ X i. *) &m tc 7 7 ^ y h \ V - >■ Sr t> fc 
Wt^W^JSt D N AS 3 f - LflS . iaST ^n^' 

^yhmm^ix. smm^t-yowmimt 

[0308] RS!^'J > 7— tftti fc. ROr^:S.9flE 

7— tfT-^S$ii!t*X*nf-3rx- hif 7 U-^-f- H 
l±. %<(Omm (5^UT--tf»»tHttW*««DNA 

£ £ ;)> LT £ tm h X 'J ^ 5 — fe*W#tt<0ffi«0fl«l k 

t. SSStt (processivity). X5-$, 

r;w-7';-r^>'^. ^s^tt. isflasit. ^^w^- 
[0309] i oosttraiiatfct} v^r . wtiswum 

ktllZgfflOJJ 7*7 U-<7)7-f 7*7 K-^ V-A'-Sr-^ 

zzx\ ?m<7)3kmm£tt4-thy4 77V-jy-><- 
m (ztii±. mMfrtyftmixn&frttdimMftX'h 

&) . 7-f 7*7'J-^w<-S:^tf*S±ifIli , J(i:. ifcfrw 



(&4))00-308490 (P2000-30I48 



<0V^fi*»-C*4. SStBfflSil/aWBtt. 

-h) tmtu imsftfcstattawH**. ttaitt 

c0loA.«* { AI»O$rSi|ffll-ri, 0 #IS1ffr£4. 1 



72. 2 2 7^-; |B]SiS4. 347, 9 3 5-Sy ; mm 4 , 

ml = 5 D »J . y F;U 

Ml = v4?aD-y F/l' 

nM = -t/^Mfjg 

pbs = v>iamtt&m*m*. 

ng = ty/7A 

IPTG = 4 Vrn£/H-:*-0-D-.#57 Fi'F 

bp = ifigft 



66 1. 9 1 3-f : HlSf54, 6 6 7. 8 3 0*: 

5. 093. 234^;|B]m5. 094, 940^;fc 

<fct«5, 144, 2 24*fc:JI«3il4FACStt 

XmmZtlh. flaEOFACSOSIJKffWJi. One 
Cell Systems, Inc. Cambr 
i d g e . M AA»4> A¥«rffir*S . -hffijfc&BSte 

[0310] OT^SlSMfc&^T, JSlT«»W4eiT 



kb 

dNTP 
PCR = 
X-ga 1 
$59 Vis* 
DNAsel 
PBS = 
CDR = 
MIC = 
s c F v 

[03 11] 

[£ffc0U HRfc. «SliDNAI1s®i»«Pfetttfi 

ti. S^^JliJSft (^I£ti\ Sambrook^ 19 
89, Molecular Cloning: A 
Laboratory Manual, Cold S 
pring Harbor Laboratory; A 
usubel^ 1987, Current Pro 
tocols in Molecular Biolo 
gy. l#feitf2*£i$>tffcHHlt fcfctXfcBerg 
e i-fcJ:l/K immel.Methodsin Enz 
ymology, 152^, Guide to M 
olecular Cloning Techniqu 
es (1987), Academic Pres 
s, Inc., San Diego, CA, %tl 

3 ivO > 4 . WfiK^fc J; t/--K 'J * 7 W tff- F ISiiVX 

FSrA pplied Biosystems Inc. 



T^* i'* ? U F 3 U >K 
5-7 , nt-4-?OD-3--f >- F 'M— /3 -D- 



tt*OJMIFv7 9^yh. 

Model 394D N A£fifc«T\ A B I cO-ffc^Si 

NAWffli:%m-t&t:)b0)PCRT>7'V V- (amp 
1 i me r Hi, »^cOfiMT'iMlR?W#S„ 
[0 3 12] (Sgftffll. LacZ«iifS?coBffl 
4) 

1 ) £K£>HH 

S«i^JK^tf><0*»i, p U C 1 8 Ei35fe<7)Sf£S L 
a c Z a m&frr) dsDNA?K'J^ y— 
( rpcRj ) WMX'hntz (02) (28 : Gen 
e BankIX02 5 14#) „ TyJl-ftimt. 
5' AA AGC GTC GATTTTTGTG AT 3 ' 

ATGGGGTTCCGCG 
CACATTT3' (IE*l|##2 ) jffltLfc 
r^^fv-S-, KfQ||#Ott$C«glf\ Wizard 
PCR prep (Pr omega, Madison 
WI ) fci9PCR£ajj&»£||§8*U;. a»LfcT54 
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[0 3 13] 2) DNAs e IfiMfc 
^5^gc7)DNA«KSr. 1 0~2 OtfHMiflfcT. 1 
OOu \<?) [50mMTr i s-HC 1 pH 7. 

4, ImM MgC\ z ]*X\ 0. 1 5|i{i<0DN 
Asel (Sigma, St. Louis MO) 
-CflWfcLfc. iSftSilX:DNA£. 2%ffiIt£T#P- 
^y;UT*M(lL?t. 10-7 0&S*t (bp) C07 7^ 
Xyhi* DE8H^»(Whatman, 
Hi 1 Isborough OR) ±^«0««ac»lfcJ: 
0 2%iMjSr^a-^y^fe»«Lfc. DNA77 

1M NaC 1 Srffl^T^^ffi*^»{fJL 

[03 14] 3) DNAffifflir 

tO&ZtlfcyyfXyht:* PCR Mix ( 0 . 2m 
M &dNTP. 2. 2mM MgCl 2 . 50mM 
KCUlOmM Tris-HCl pH9.0. 
0.1% Triton X— 100. 0. 3 u I T 
aq DNA^'J^7- fe\ 5 0ju ICOffiSJI) 
0-3 0 n g/u I <0»flrCSSSStf it. -<^TC 
(±. 75>f-7"&aaDL**»ofc. 9 4t;6 0S1BL 
[9 4*C3 0#[1L 5 0-5 5*03 0&IB1. 7 2°C3 0 
£)3 0-4 5^?;K fcJ:t/7 2^5^W)?i 
ffi;&7 0 n^A£. MJ Research (Wate 
rtown MA) PTC - 1 5 0~9~— 9 7— 

hcOPCRSffli^S^T. Bfflil02 5. 30. 3 

5. 4 0. fcj;tf4 5*M 9 Mk^KJt^yyV^m 
MLtz (02) . 

[0315] 1 00-200b P (7)7^^yhcOS^ 
JE^^X^-OPCRS'tt^^Utl) 

SmolfflTn 1 *MSffl£&Sttb t . 
[0 3 16] 4) 77^7-^*PCR 
filftLO. 8juMc7)±IEtor5-fv- (!£«-§- lfc 



J: V2 ) ££"t& PCR Mi x^naijgttc7)^ 

;M2. [9 4*C3 0B?ia. 5O*C3O»0. fc«fct/7 2 
°C3 0#H] jM>4*) <0flL IEB^>rX<0#-tf>£ 
(02) . 

[03 17] 5) ^n--y^i^ff 
Jtf i<DJM 4 p C R£fe£ . *«^$iJR8»^ B a 
mHI^it/EcoO 10 9T?lMfcU ^LT±IB^X 
S2fciEaoJ:5fc:^WIH!Lfc. Ba4Sixfc7 5^ 
^yh^ BamHIfc«fctfEcoO 1 0 9TiiWkLfc 
pUC18fcS»l,fc. E. c o 1 i Sr. B&$# 

(Stratagene-, San Diego C 

a) £MMtztibXo%w»mtiffiTv. zcom 

&M£mm^TB«e®l. fLT100//g/ml 
7>-tV»Jy. 0. 004% X-ga 1 &it/2mM 

I PTG£^£7#~7V-Me*^ + 
ItktmfeZtL&tt inDIII -Nhe I 7 7^> 

[0318] ZCOmmU. Lac Z algf^Rtt 
4 1. OkbcOffiW. 1 0-7 0bp^77^yh 

0-70bpW7^yb^ EifcSrfM X<91!i-<9 
«Srtillffl4S*if*S^i:*ill^6. Vkhii 
£3O--<08 4% (N = 377 ) #LacZ*?i)5 
(yt-y7 V L 9 4 %(CitLX ; 0 

2) . 

[03 19] *4>ii3tLacZ-30-— i*<OLac 
Z31E^£n-Fir&DNA£. »!»*<0tSSfcft 
V\ y b (Un i t e d States B 

iochemical Co., Cleveland 

oh) rswftseu ^LT^jiew. sair 

1) . 1 1/1 2^M^m^£V^£*i. ^LT7l^ 

[0320] 
[*13 



• G - A 

A - G. 

C - T 

T - C 



6 
4 
7 
3 



[032 1 ] v7'J>-^$il^ 1 acZ DNAcT) 

4,437 fig £E5U i&S Ltz . 
[0 3 2 2] 1 0~7 0bp<OfflfrA»^DNAifa± 
^BI^jfi®Si»»¥»i. DNASJlfteHO. 7% 
<N = 4. 47 3) 



A - T 

A - C 

C - A 

C — G 

G - C 

G - T 

T - A 

T — G 



1 
2 
1 
0 
3 
2 
1 
2 



^ p c r t mu ix v \%> 0 v ^ saat t »iifis ii 

[032 3] 140),Ifl£<9ji&^3ilfcLacZ-3 
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V±a»*St J: OSifcfc/^ -y 7 U y*' Lfc*£. 
?#£fut 30^-03 4% (N=291)RacZ* 

[03 24] m i om^PCRizxi^-cr>}^m<^f 
mztiiwami* sawwwwo. 7% ( i o> -c* 

[03 2 5] dOJ^fcrLT. *#&D NAiBWi. & 
Ittzliis* -v 7 y y *S . 

[03 2 6] (£ffcffl2. LacZfie^fcitfr^ 
XSH D N At£flscDi/-r y 
1) LacZiHS^-v-y^Lly^ 
2 o<0 Lac ZMfcmmtZm 75 JlSfftl*: 
2oo-?-*-IBWSai*fHiLfc. fcjhaFVfc. L. 
a c Z a ilfS^ CO 2 ocoStilfcfEllKcJfA L . *#r <f 

«0»±3 HySr^-TS 2 5 b pC0#*S|lIffi?iJT-J> 0 . & 
ih3Hyc03*>2oii. LacZjtg^U— r-f 
■7V-b.nz.bh. 2 5bpOjl|sfflReai*. ***H 
ftfcJ: l 3H3fc*t. Mah^li, HA-CHtr*\ i 
fcttTll£tt*a»Lfc. + -fcJ;tf-+SOLacZ« 
jilS?- (03) 2r#fl-r-g>2o<Dl. OkbOLacZ 
T>"7°W-K91 : lig-&tt£. DNAse ITIBft 
U OO~2OObpcO77^Vh5rMS0!l 

1 tiefjcoi o t»8?L7t. v+ >y 7 y y/7o/7i 
fc. 0. 5// l<OjKy^9-4ft«anL. *LT£*JI 

# 1 o om i T*->fciawi. jetwi tfijtssai 

[0327] ^o-^y^f*, ^#f>ii^»fec03O-- 
OStfcL 24%: (N=386)tJnt. .rfUiWfe'' 
cona^-oSiift&S^iSc (-f3r±>*>2 5%> ti£J$ 
ITJ3 "J-. 2o(OV-*-p B t lofflj«lt*^t'*)o7ti 
tSSLfc. 1 OOlHWiaDz^Ttt, 
SHindlll-Nhe I»7 7^yh5r^L 
fc. 

2 ) 5 FD N A£f*C9^-v y 7 U 

2. 7kbr7^SK±«5(pUC18-+fcJ:V f pU 
C 18 + -) ttRLfc. +-j3«fctf-+S*)L 

acZaJIfE^- (03) S:-&-|r1-|>20<7)2. 9kbtO 
7'7* 5 FO 1 : 1 , D N A s e I T?B-ft U 

ZIX 1 00~200bpO77^>>h£2lftMlK 
fESfcOi: 5fc»KU:. [ 9 4'C3 0ft 

Pal. 5 5°C3 0m 7 2°C3 0#IS|] £06 0^:?^ 
TftofcJjW-tt. JJK0MDB ( 1 ) KiSttiBfflitO 

^xim^tit^fi-kmm<r)^TX'^\ -/ 7 u >-^r 



^9 Aft* *»K)«k^*t2OkbJ:0t)**^C4: 

Sr^Lfc. ^(OiotLT. 2. 7 k bc97°i77.$ F:£ 
ft (pUC 1 8-+t3«typUC 18+-) Sr. T^-f 
-?-CDm}}V%Uzyyyj*%l 00~200bpC075 

[0328] 77*$ F±(C*-tf>»ffi£*-*-*MW8 

* ( E c o O 1 0 9 ) T'CDfB-fWlL S^tSfc/ti'U:, 
?-ll$fL5^X^m-W<yH*^^-oTV^„ Ceo 
AyFjy/paiL. Haseu -eiTi^DNAfc 
E. co 1 itfMBRiajlfcfflv^. litMl fcEttoJ: 
#MH**M:0. 0 0 4X X-gal7V- F 
±fcffi^Jt. f#<bft.£7*57.$ F<01 1% (N = 3 2 

8) ii. ittt%hh++imiwx'b->ti. 

[0329] 3 ) XJU 7 UvrD NAi/+ y 7 V V7* 
is* -v 7 V y* r ffl£*«f'fcfi&Sft.4:* U :f * ? U*?- 
Ftt, h D N Afctt-f &:t y 3? 7 Vitf- F 

<7)7y>* yym^nnmzmn^ wi&mnwzw. o 

&£ixf#& (04) . ij&DLacZ-»ik3F>£S 
(pUC 1 8- + ) JDNAse I M-fcx^V- F 
t LTfflUfc. p*»lc|f4gL a c za&FCiti-* 

1 8^Sc0ffl[5H4r^-r& 6 bfi*^ 'JrfXH .-t 

LT±3SC0J: '3CE . c o 1 i lzW;J_tz 
[0330] 
[*2] 

n>hD-jp o. 0 (N> 1 0 0 0) 

±SBg!U/W ^ 8. 0 (N = 8 5 5) 

TSB«U/Vfi7 9. 3 (N=6 2 0) 

JbgfglfeJctir-F^XA'f 7 2. 1 (N= 5 3 7) 

[0 33 1 ] ssDNAIi, dsDNAiOtSKspWC 
*iJ:df*0. i3-e<b<c:WiM^W : 5r/N^yy^ 

t/WiBSjifja. T--yy^?sS N ^^lifflisittcog 
6. 

[0 3 32] (HUM 3. r^Y-Ofc^fcftfffc 
Tfci3tt4DNA!f«4> T7*S KpUC 18«rMIS 
S«E coRI, Eco0109, Xmnl x fc.ty'A 
1 wN IT'M-ftL, &370. 460. 770. tii.lf 
1 080bpcO77^yhSr^L7t. ^tl^yy 

/Mpt>m« IZffiMUz ( 3 7 0nt£ttW*y \'t 4 6 0 

•5. 3ocOSiJ(Icof-a-7't. 7<^ : Sr75^yh. 4> 
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<08te*£ftfc. 

[0333] *ti?tijto75r* y h zmmm i cies 

cOJ:3tCDNAs e ITiPHfcL. ^LT50-1 3 0b 

o t vc 2 %ffiffl^T^P -X yyk&^f|» Lfc . 
[ 0 3 3 4 ] P C R££ft ( ±3&&mm 1 fcl3tt^)J: 

*yh£)*»iftKS: 1 Ong/// 1 k Liz. '77 4 v- 
t^DLfc^fc. lf«^JE*\ 3o<9fliHfcLfcDN 
A75^ybS***iX-F*ltOV^T8lKfc [9 4°C 
3 0M 6 0°C3 0#fa1] *7 5^^S8SSL. * 

[0335] £<Oj£«Ji, 1 0 8 0 b p . 7 7 0 b P , 
^TfelXfc3 70bpfeJ:^4 6 0bp^NVH*<. f»£f 

atSLfc. ztM. xt77'jyw^S77^ 

v-^ffifflS: ifcgfc L&v^r k imt. 
[0 3 3 6] (mtm4. I L — 1 fiM&^Fis^r *y 7 

^^■C3cH^#^#^^k^lKBfl^l>. ^JkL-C. 
t hfcitfv^X^ I L- 1 j8»ffFSr^ ? 7 'J 

[0 3 3 7] 7^1 L-liSafii 2 - (BBG49) 
&&lfE . col iWK y&mm&^tl t h I 
L-l)9Jlf£^- (BBG2 ; R&D Systems 
Inc., Minneapolis MN) Srv-v 
v7'Jy^R/ec7)ry7>™hkLTffl^fc, tML 

- 1 /3E?ijk v-^x i l- i /smmtcom^&zttm 

[0338] ^-fft^fie^d s D N A P C R& 
ftcOMR. 7°7-f 10-50bp77^ 

y^DNAse ifflflifci^Rli. IQiWifcfc^ 

<X&r5-<V-<^E5l|{±. 5' TTAGGC ACCCC 
AGGCTTT 3 ' (EWB-t 3 ) *5 XX/ 5 ' ATGT 
GCTGC AAGGC GATT3 ' (E^J#-^4 ) T£> 
ofc. 

[0339] S^-v -y 7 »J y?$$£W)9&l<n \5*TA?}V 
J±. DNA^'J^7^I^K lenow77W>h 

saanLfc*^ ns&i.*:. dna^. ^w^u^ 

5— fcfS:*455r^Se»M 1 C RS^tttiHlD Lfc. 
^HKOro^^AU. 9 4*C1#ISL fcitfifclrVC [9 

. 2 5'CfC**?2 0&ia>fy*a'<- 
K lUi0Klenow77^>'b«£ 

fco S^meo*tL^ix^>f ^yutts^T, 

^K5>fr>fx/x^y-;KfeffiSfc»a]L. ^l 



TT--;Pffl«4TBlI«feLfc. <X^X\ SR^SSgft* 1 

u^7—tf^jDLfc 0 ioawi±. £TWM?;ur 

J: "5. ^^^S^^LfcffllHtttiS^v^T. «W 
[0340] 

r t j 

[034 1 ] X-tftT) o 

[0 34 2] sme&WlWi-J 9 T 

;KO^-/7»Jy^EJE[9 4X:3-0»BI. 3 5T:3 0 
fWa]"&r5-f7-=5rLt«*Lfc. 

[0343] «V^RJS»* 2 OtefcWRLfc. HTO 
7°7 >f V- 5- . 0 . 8u MtOft»»«T*aSllD Lfc : 5 ' 
AACGCCGCATGCAAGCTTGGATCCT 
TATT 3 ' (E5fl#-f5) XT/ 5* AAAGCCC 
TCTAG ATGATTAC GA ATTC AT AT 3 * 

(&m%6) . *LTPCRRE£3WWlfcft»t4 

±a^«t3tiatLfc. »2«or^>fv-^r{±, « 

SBfi^-ft^STJ) a k #i htih tz#>tzftX~m 1 <0 
^7ki?£ofc 0 

[ 0 3 4 4 ] X b a I fcjctf S p h I TOPCRift^ 
fflfl^fjL :^77^>'h^XbaI-Sphi ?gft 
pUC 1 8£SBSLfc. 0<oA^3n--s*.r5ff7, 
* . BS^OffiSCfl! v > . > ^DN A 
EMifeSt* 7 h (United States Bio 
chemical Co., ClevelandO 
H) fc J: 9*56 Lfc. 

[0345] 7<n$mtf. 9oc0an--c0D 

NAE^^i OMv^Siifc. v*<o*»<?3$3IJi. 
fc-f 1 - 2 ig£03I« Lfcft laJtt^So'v V >fc . 

[ o 3 4 6 ] m^mmzm^< s&*w$3ai£*^& 

iiiik^^asSixfc. ffiS^S^tt^'J^^— 
^fflt>T. PCR«W^a«Ha (l-2*C/#<094 
<> C^^>2 5°C / v^) li. a«W 3 a:T--!J>'^fflK*R 

;^nfcr^-y ym&x o t>»<-ri) o ^t, t 

L- 1 y9jlf^O-*^l 0flSaWI*S:ffl^Tt>^S: 
ttL4*-?fc. WSSWC »$£tt'-K^7-^ 
(Mitf. DNA^'J>5-b'I^Klenow77^ 

^yh) ti, ffi^rx-uy^ss^iEFin^^fc^c 

[0347] (|««5. «t 

S-Tc7)D N Ayt 7 7 'J V/) Bt^^ifL^fc^)^ 
Sf^DNAv^'y7'Jy/Ofl]ffltt&. i97^^7- 
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■te 7 * ? * 5/ A fc*t LT ittt t a&^C* £ 

[ 0 3 4 8 ] 7"?* 5 K £K < -fe 7 
* W^S'hfflitgJg (MIC) J, E. col 
i XLl-blueflffifStratagene, 
San Diego CA) CO— CTB^Sftc?) 1 0" 2 
#SW>10jul (I51 000cfu) 
C7)-b7^^^ri/A ( S i gma, St. Louis 
MO) **^4TU-ht»S. ^^T37 C CT"24 
BflSM y***- h tS - fc t J: Ufc. 
[ 0 3 4 9 ] *7 * W*J:T£>4Wi. 

exTV- b fcif atfiiiBBtffc* (*M0Nrtf L B7° 
U-bfc»<£fcfcJ:9»Mi6) . lOOOfflOHB 

[03 50] 1 ) atwr? A 5 Kfflg 

V - Hf jtfi? £ ffi#-f £ p U 
C 18I8*ft£ffl^Jt (28) . TEM-1/35^V 
— tfitefli. JBfflfcifrO. 0 2jug/ml<?5-b7*^ 

TyJV-A <a*!l#97) : 

5' TTC TATTGAC GGC C TGTC A GGC C 

TC ATATATACTTTAGATTGATTT 3 ' 

tS^X/TyJ V-B (EM#t8) : 

5* TTGACGC ACT GGCC ATGGT GGC C 

AAAA ATAA AC A AATAGGGGTTC C GC 

GC AC ATTT 3 ' 

^-iJ?^PC Rfc Itf 2o<0fl&<DT5>f 

V— : 

(E?iJ#^9) : 
5' A AC TGAC C AC GGCC TG AC A GGCC 
GGTC TGAC AGTTAC C AATGC TT\ hX 
tf 

7*54 V-D (ffi?IJ#^l 0) : 
5' AACCTGTCCT GGCC ACCAT GGCC 
TAA AT AC ATTC AA ATATGTAT ' 
£fft^i0y??V-VmfcTBffll<DPCR( t Zi 0. 7° 
i3i^»S^*^c0 3' £Sf i 1 

[0 3 5 1 ] 2o?)RJfai!ft£ S f i I tilt L . fi£ 

[0 3 5 2] #^ix^7 0 7^ 5 p UC 1 8 2 S f 
iT*>-*7t. Ccor^x^ F(±, TEM-liH£i=-fcJ: 
tfP-37'n*-*-£»r$-&Sf i I75^vh 

[0 3 5 3] £<or5*5F£«tf?-4E. coli 
XLl-biue (Stratagene, San 
Diego CA) fcS8^S*7:r**WU9iWffl 
ihffl*Ji. 3 7'CT'2 4t$faf&T-0. 0 2jug/mlT 



[0 3 54] yt7 7'J^U:, -fe7**afWxfc 

<0«S? L 7'-;kDgpgM#37° h tc J: 0 L 
fc. 1 . 2Su g/rn 1 £ T^Ittfe^-v «/ 7 U 

+. 

[03 5 5] 2) DNAse I ffitft 
Sl^^^'y7Uy^Ra^0fcit>^S»i. 7*54 V- 
CfccfclXD (M^ktSf i I »<&£*#*-&) 
SpUCI 82Sf iOPCRtiO^^itstO. 9k 
b^dsDNA-C&ojfc. 

[03 56] (CP C RM^^jafilr^ 

SrWizard PCR preptProme 
ga, Madison W I )££ 9HH&Lfc. 

[0 3 5 7] ^5//gODNASM£. 1 0#BSffl 
T\ 1 00ju 10)5OmM Tris-HCl P H 
7. 4. ImM MgCl 2 tft0. 1 5 #{i<7)D N A 
s e I (Sigma. St. Louis MO) t 
JH-ftLfc* 1 00-300bp^77^>h* 4 DE 
8 1 4 (Wh a t m a a . Hi 1 isbo 

rough OR) 'x<9ttSU*ft. 1M NaClTO 
SS: . £ J: tjjl 9 /-flrtMiz J: 0 . 1 KIBtt?) 

Jt -* X 2 % ffifto :r # u - x 7% r> ^ ftS I , 

[ 0 3 5 S ] 3 ) M&Ti- A- ^ -; > 
M8Lfc75^>-h*. 1 0-3 Ong • u lOfflS 
T"PCRS^(0. 2mM # d N T P , 2. 2mM 

MgCl 2 . 50mM KCK lOmMTris- 
HC 1 pH 9. 0. 0. 1% Triton X- 
10 0) fcSJRfflLfc. <IC0^T7°9^ V-&»L 
**»o3t. 9 4X:6 0»H, iX^T [94^30^. 
5 0-5 5iC3 0fWBL 7 2iC3 08ia] C04 01f>f^ 

zlz&^ti 2*c5ftm<Dnm&y o vyy£>£. 

MJ Research (Watertown MA) 
PTC - 1 5 0-t-V/ktM ?7-tefcVvcteffl Lfc. 
[03 59] 4) 7'5-f7-S:m^*lfffl4ai!|*^ii(I 
0. 8juM^ffLftiW7^ -e- (Cfcil/D) ^^T 
t h P C Rffl^tt^Hfflijgifti^ftfR, ** J: r/ 2 0 co 
PCRtf-f^;U [94iC3 0Sia, 50°C3 0#^. 7 
2'C 3 0f*H] COS. 9 0 0b pWM X^m-^ft 

[0 3 60] 5) 9u--yyts±VWgi 
*«8c7>SfJB8B*S f i I T'C09 0 0 b P^^b, fc 
J:tfTXfo-^yym»?>ft. 9 0 0b P »Sr. T4 

DNAU Jf—"*£ (BRL, Gaithersbur 
g MD) £JfllvtP|!-0DSf i ISIfiW^-pU 
C182Sf ifcJBSLfc. a^ftS:. E. coli 

XLl-b 1 ue«Sai:xi/; ho.-KU-hL, L 
TO. 32-0. 64Atg/m 1 ^7***^ (S 
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igma, St. Louis MO) £#t~&LB 
T/7°l/-h*:LTfflV^ 

[036 i]6) mm<nm±m 

ffifct:^ Mmt&\/<)l'<7)*y*?*i<'MzW^t:* ft 

[0362] ±iB£>Xg ( 5 ) fcfcwc 0 . 32-0. 
6 4m g/m 1 Ti#fe*Ufc-fe 7 * ^^AiBttn 
^il^ttfc&^IIItfDi'-v 7 7 U yW^(7)fy7l/- 
hUTfflvvfc. LB7ux4^0//l^i«£. JbJfi 
CO J; a fc, 9 9'C 1 0#EL [ 9 4*C3 OfMSL 

5 2 e C3 0©f e l 7 2 , C3 0fMH] <03 5lM?;k 

«t txac v vc 7 2 °c 5 ^>Bfflir d ? 7 Ada v f - > 
yu-htlxm^tz* 

[0363] ?f«i^£»ffcU * LT±fS<7)Xe 
(5) fclE»^)J:-5fcpUC 182Sf ifcrjffl&Lfc. 
i&-&»£E. co 1 i XLl-b 1 uellCxi/ 
^ho,ifl/"M, flt5-10//g/ml^7t 
^v-A^tft LB7V- hCliV^. 
[0364] 5-1 0//g/m 1 Tlt^il^no-- 
«E£8 0— 1 6 0// g/m 1 7 * ?^>-A£ 

8 0-16 0//g/mlT1#. *LTWS"f6 

Ji. 3 7*CT-2 4 D*BI», 3 2 0// g/m 1 iTTl#fe 
iXf*Jt (MIC- 3 2 0// g/m 1 ) . 
[0 36 5] *y*9*isMztofthmm±. 

tX) . ±9^M&JKT\ 1 280//g/m 1 £T 
T*0MWfi%$>tltz. 1 . 2 8 0// g/m 1 T^JSSix 

2®7V-hU ^LTSf i lffA1tlS\ ^u--P 

[0366] ^7^^^>'A^-r^fSttt^l 6, 0 0 
OlSfciflDLfe (MIC=0. 02/<g/ml^MI 
C = 3 2 0 u g/m 1 ) 1 O^Sft^#feilfc. 
[0367] HAW*. Stl??iTJt^n-ycor5X 5 K 
SrSF^SE. coli XLl-bl ue«(St 
ratagene. San Diego CA) t,zW 

l 0 3 6 8 ] is* •/ 7 U y^fcJtf8tt<O3O05lM ? 



h y AcOlfi&ttKT* ft -b 7 # ? * >- A <7>flbh 
HjtaKtfettft 1.6X1 0 4 fg^iiiPS:4 tfc. # 
figWfc:. v"Vv7U/^Lco^>}iILc07 0 l/-r>ry 

^&PCR*fcli*H=yhS:SR*fe) . 
[ 0 3 6 9 ] 7 ) 12?iJ##f 

1, 280jLtg/mlT4WLfc5oc0ftfc*&V^3O 

yf^^DN AEfll&£ffi (United Stat 
es Biochemical Co., Cleve 
land OH) t«t OEfllftgLfc. £T<Otg^#^ 
(4. BSarStLfepBR3 2 2ffi5« (29) fc*«GU % 

o) iznmth. rsyi»i3A*«iET*$*i, *l 

XZ2V*j~Vl±l$:^mZX'^$ix&. JB1SG4 2 0 
5Al±„ j*?Uhf-F4 2 0 5#. fT-VyfrbTT 

[03 70] 9o^iaS»ftA«Ai»aiSiifc=. G4 2 
0 5 Ate. 5 5^^*7— tfP 37D^-.^- f 3 1 ■ 
-3 5fc- 1 OSBiak^iaCflLaSilSc Chen^J: 
t/C 1 owe s (31) Mi: ^WMri'Wzy^^—y — 
_b*S2Sft (up-mutant) ii. ^^T'Sv >o 

0 (A3689G. G3713A. G3934A. *>J; 
1/T3 9 5 9A) . ^LT4o^7^yS^ft££t*: 

(Gly238Ser*4tJC3448T, Metl 
82Th r££t6A36 1 5G. Glul04Lys 
Sr^tSC38 5 0T. i5j;lXA 1 a 18V a 1 
ftG4 1 07A) . 

[037 1 ] 8) ft^miMl 

<x^x*iwm£m£%&£thtzMz, mm^m^mD 

[0372] ^MLXE«. D N A s e I ?B-ffcl3 J:^ 
y^-y7 U y^RiE?- 4 0 fg£>iB* Ifi^OiF^MT EM — 

lMfc^y y7*>hw#&TX'mmLfzaw±. ±a 

NAy^ -y 7 U >-^ffi3<O0*»4»jMtRSil3t7*5X 5 

(C. ^St/jN53SrDNA75^ >h (3 0-1 00b 
p)ti/t77'J y^RiEtffl^jt. MLSE^M* 
Sr. 8 0—1 6 0/xg/m 1 c0^7^-^^xA ( S i g 
ma, St. Louis MO L B7V 

[03 73 3 C<?)ML$E>"V7 7Uy^Sr. 4 0fgeo 
ift* Ift^ff ^ST E M - 1 D N Acrm&TXWm 1 0 
ML3cEE*^^)3a--i3fecoDNAS:fflV^T»0ii 



(6 0) )00-308490 (P2000-30I48 



A77^^h (3 0-1 0 0 bp) Srffl^fc. §g2c7) 
0OKLXESIK*S\ 8 0-16 0//g/mlO-tr7 

[0374] ftfcilfcJBfflSitttfc 1 6 0 * g/m 1 O 

-fe7*^*^tJtS. f LT3D--07°-y|/£. 

1, 2 8 0/zg/m lit*coif«fSK;U?D-lr7^^ 
^^AfcSri^-hLfe. 1, 2 8 0//g/mlT»4> 

[0375] znmiXBSzmmt* m^mx o 1 3 

2, 0 0 0<BiS^Bttt£*Lfc (MIC = 64 0//g/ 
ml), 3C»«c«£l4. JJttJt«&SilfcBflcWTEM- 
1 A**ifcJiflkffSiDtTEM- l*3M*J: 9 i>*7 

[0376] ML3ESSftJtSS«cOS f i I ifAttO 

E5fl*fcje^r •/ M U n i t e d States Bio 
chemical Co., Cleveland O 



H) Zft^Xikfeltz <g*3) . SWttHL 9001JB 

asraewttfu:. ^asnsi^t:, ot^^l^ 

4owMuyh£B^TjtolifeU m&S3&&&> 
iEMtMoT^fc. 7nt-^-^i(G4 2 0 5A) 
fcilMoOTSyMSSSOrt^So (G 1 u 1 04 L 
ys, Metl82Thr, &£lfG I y 2 3 8 S e 
r) 14. SLXffi^il^^D-ytcaoTV^o <IO<I 

l^yh^il (T3 84 2CfcJ:tM3 7 6 7G) 
iZ7 5 7 K3EfcS:£ t h 3 i0M»0>&m ( A r g 2 4 
lHi s££t6C344n\ Gly92Ser^ 
t£C3 8 86T\ HiX/ A 1 a 4 2G 1 y££t&G 
4 03 5C ) #JlV*aj3*lfc. £*lfe^2oWM l/y 

^?»<«8^ (MitfmRNA£OlS3it:J:i3) . 

J:&) : 
[0377] 



-*f 5- ^ '.32. 

AiaiSLys 
Glul04Lys 
Metis 2Thr 
Gly238Ser 



T3959A 
G3934A 
G3713A 
A3 689G 



Slui04I,ys 

Hatl82?hr 

Gly23aser 

Ala42Gly 

Gly92Ser 



7 e D^-^- G4 205A 

[0378] ML3fflaE»*tJ«t^SLSSffl6»fWi 

J: 0 *SU-^Wc*3 wc 2 - 3 fgOli M£ 
^t4) *J±^3o<OttiiLfcT5/B0&fb(Gl u 1 
04Lys, Metl82Thr. fciVG 1 y2 38 
Ser) SmT^I*. Gl ul 0 4 Ly s fcitf G 1 y2 
38Ser(i\ ^<0*>c?D-fe7*^^f^iWttTEM- 

[0379] 9 ) ^JSU<;Pit^ 

sesftfcfc £ 7 ? * v— trae^^su^S: . 

Witholt, B. (32) <0*i£tftv«aE 
UT^'JyUT^ (4-20%; No ve 



T3842C 
A3767G 

G4205A 

x. San Diego CA ) fcj; OJtiRLfc. 
[0 3 80] WSSfrfcTEM- liS^^^V— tf (S 
igma, St. LouisMO)^, WIS? 
fcLTffi^ *LT7 - 7*5 K£*:<E. co 1 i 
XLl-b 1 ueimt:*#T4 73>hu-!Ubl,X 

[0381] ^m^xxmitm^ti^mmt. m 
tkmrnB? t am l t 2 - 3 f&u t ^i^uo # 5 ? ^ ■? 

SSK4, j8 5^^v— fef<02-3«O*IBP^t6J:3 
[0382] <MfcM6. TEM- 1 /3 5^^V— tf 
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^KGlu 1 0 4Ly s&ii/Gl y238Ser) MpUC182Sf i +fc«EAS*lfc. 

-b 7 * LT»fc*lTV*6 . ffiSBL [0384] OT^£«rft4fc*>fl>* 'J ^ ? I'** 

fc. *&»*B4fcS*. 1*4 3 

[0 38 3] ^P^g^^b^li:. lRSSfcO 

Ala42Gly 

('StS 1 !^ 11) AGTTGGGTGGACGAGTGGGTTACATa5AACT-jfrv( SLl*V(&-^ I 2 ) 

AACCCACTCGTCCACCCAACTGATCTTCAGCAT; 

Gln3 9Lys: 

( Si^'l^-^ 13 ) AGTAAAAGATGCTGAAGATAACTTGGGTGCAC GAGTGGGTT 7{W 

( -jgpl 1 4 ) ACTTAT CTTCAG CATCTTTTA CTT ; 

Gly92Ser: 

( 15) AAGAGCAACTCAGTCGCCGCATACACTATTCT ifelZ ( 

% 16) ATGG03GCGACTGAGTTGCTCTTGCCCGGCGTCAAT; 
GluiD4Lys: 

( Bi^l 17 ) TATTCTCAGAATGACTTGGTTAAGTACTCACCAGT CACAGAA ^VV 

f iSfjMiS^ 18 ) TJAACCAAGTCATTCTGAGAAT ; 

Hetl82Thr: 

( 19) AACG A C GAG CG T G ACAC C ACG A C G C CTGT AGC AATG -tfptf ( 

) TCGTGGTGTCACGCTCGTCGTT; 
Gly23BBer alone: 

( -$ty\ $^ 21) 1TGCTGATAAATCTGGAGCCAGTGAGCGTGCGTCTC GCGGTi 

22) 2GGCTCCAGATTTATCAGCAA; 
Gly23BSer and Axg241Hi3 (.J{fl*&int ): 
(•tStyl^Mi 23) ATGCTCACTGGCTCCAGATTTATCAGCAAT 

24) TCTGGAGCCAGTGAGCATGGGTCTCGCGGTATCATT; G42 05A: 
< iSl^l 25 ) AACCTGTCCTGGCCACCAT£GXQTAAATACAATCAAA 

TATGTATC CG CTTATG AG AC AAT AAC C CTGATA 

[0386] Zti^coM^coPCRyy^^yhf, & TT*25^^;W^fcoTBai*fttWLT*ttL 

«*|j^5^W^H*^y;M*»LJt. lOngCO^ fc. DNA£Sf i I Tffi-ftU ^ LTK£Mp UC 1 

tL j eti<D7y7Xyb*&&&h^ % izm&iL&Ifc 8 2 S f i Alt OT^Mf*fi*£* 

94n*H. fc<t^i>:v^2 5^>f ^/P: [94 ih^ftfeilfc <*4 ) • 

•C3 0IMSL 5 0°C3 0W. fc±t>*7 2°C4 5B>IS]] [0 387] 

Tmmitz. pcrz. sf i i^a/^^- [*5i 
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3 0148 







MIC 




TEM-l 




0.02 






Glul04Lys 


0.08 


10 




Gly238Ser 


016 


10 


TEM-15 


Glul04Lys/Gly2 38Ser* 


10 




TEM-3 


Glul04Lys/Gly2 3 8Ser/Gln3 9Lys 


10 

O ~ O 


37, 15 


ST-4 


Glul04Lys/Gly2 38Ser/Metl82 
Thr* 


10 




ST-1 


Glul04L*ys/Gly238Ser/Metl82 • 
Thr/Alal8Val/T39 59A/G3713A/ 
G3934A/A3689G* 


320 




ST-2 


Glul04Lys/Gly2 38Ser/Metl82Thr 
/Ala42Gly/Gly92Ser/Arg241His/ 
T3842C/A3767G* 


640 




ST-3 


Glul04Lys/Gly2 3 8Ser/Metl8 2Thr 
/Ala42Gly/Gly92Ser/Arg241His* 


640 





[0388] »#Sitfc38l*\ M I C cfcJt* 1 57) 



fgfln (doubl ing) iDrt.'ogo^iSa-C'SS is 

[0389]Glul04Ly sijt&fi. 0. OS/tg 

LTG1 y2 38Se r (VK^aHQftfflfcfc^T lo 
<OS4>*i75y|J0Ml**-r«>) 0. 16*8/ 
m 1 COM I C<9*££tfc (26). 2tt^(*G 1 u 
104Lys/Giy238Serll 10/zg/ml 

[03 90] CtL^>cO|B)-£OG 1 u 1 0 4Ly s^gfc 
itfGl y2 38Se r^ti, G 1 n 3 9 Ly s (T 
EM-3) itliThr26 3Met (TEM-4) t 
WttefrtX. IKMflt (TEM-3£O^T2 
-3 2«g/m 1 fcJ;t/TEM-4{co^-C8~3 2tx 
g/ml (34. 35) ) £4t4. 

[039 1 ] HLSEtttfilflf^^ /IBE 
-ffc(Glul04Lys/Metl82Th r/G 1 y 
2 38Ser) &**r*-43ejWM,ifc. 10jKg/m 

2-6 4 fg^iiJncOMHt'^ & C: fc £Kl*L,fc. 
[ 0 3 9 2 3 SQStflqttfc s BfWTEM- 
* (TEM-l-l 9) oafilli. 5-70«A<7) 
R^^OJI* («») . i 



i c o ^fHi . ileitis k vc L ffiBlc^ 

J; 9*§6fl£S7CM I Cfr\ 0 . 6 4u g/m 1 

T**?I*&I8WL»4 (26). m*.«* G 1 u 1 0 
4Ly s^mteXVG 1 y"2 3 8Se rSHttlSfrit) 
0. 16^g/ml*SI<0MICS:^-r5if:***Sf3S 
(Cfc^TH^tm^tB^fL^. D NAi^-v -y 7 'J y^cO 
ttffltt. ffl^fct-STTietL. *flttl 0/ig/m 1 
<OM ICSrltf&G lul04Lys/Gly238S 

[0393] zmmmvmtcMmte. mto&t ix 

5 =5rS^te*fc*6£*ttli. SSSBI^-v -y 7 'J y 

/t i os^sii* ^ >-^*anj: o ^mmx'h 

•J - ({flJ/Lif. &^OK#e>$tttt) , 4fcMt£<*> 

[0394] (HifcfflT. 6oo£gflcCDR£Ttf>7 
4 77 V -OD N A x-v 7 7 »J y ^Zk&mfaA 1 0 B 
<D&#)A10B s cFvftft. V>^Sf7-9-¥l g 
Gii, Pharmacia (Milwaukee W 

I ) A»6SM&Jlfc. pCANTAB57r-yfU 
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7V^?*-£f£ffi^&TfTfl£OPharmac i a 7 

[0 3 9 5] **OAl 0BJi«l fiv^rtr^r^ 

I SA (PharmaciaT-yfe^vKSfcli 
7r-S^?-CJ:9fflI£Uv:fc<r^) SSfffi 
( I gG) izm < S ? u-ycofrm^hix 

[0 3 96] A 1 OB scFv DNA^Iii^ 
fi^fcffiV^Jgfc^Lfc (United States 
Biochemical Co. , CI eve 1 a 
ndOH) 0 Kabat (33) fc^Jt«CS^< k . 

[0 3 97] 1) 7t-xDNAc7)I11! 
Al 0B»4fflfit*iBe^t*r6 7T-^DNA ( 1 
Oju 1 ) S\ 9 9°C(CT1 & 
lve7 2 0 Ctrr 2#fiH PCRS£ 
ft(5dmM KCl.lOmM Tris-HCl 
P H 9. 0. 0. 1% Triton X-100. 
200juM #dNTP v 1. 9mMMgCl), 0. 
6//m^WW7^- JjJ;tfO ( 5u 1 T 
aqDNA^>J^5-b # (Pr omega, Madi 
son WI ) Sr7T-vDNAtaSJDLfc. PCR7 



u^7^$: [9 4*C3 0fWSL 4 5 < C3 0S?H, 7 2*C 
4 5#HI] <7)3 7MZhtz-oXm&Lti> Jlftvfc 
7*5>f-7H±: 51 ATGATT ACGCC AAGCT 
TT 31 (Wm^26) &Xtf5\ TTGTCGT 
CTTTC C AGACGTT 31 (i^"]#^27)*C 

[0398] 5 0 b p*9PCR&tt£ lists* 

U ^LT2%fa^7^'n-X^l/^^»SL^ < , 

[0399] 2) 77^yMfc 
3 00 ngcoy/i/^L^850bp^A-yF$:, 2 0 

4HH3fflfcT. 5 0mM Tris-HCl P H 
7. 5. lOmM ..MgCl+t0. 1 8#ffi0>D-NA 
se I (Sigma, St. Louis MO) 
tffltLt iftffcLfcDNASr. 2%m£T#o-x 
$%fc:*svvt#«u *LT50-200bpHO/<y 

[040 0] 3) i»5>f75'J-<0fl»i 

^mmco a mi* . cdr ^» ^msmvh h 
[o4on m(zM\mmm&*:%tmTvc dr 

E*I£-&tfcL^ : CDR H. ijtffcOfiSHCfctt 
l>CDRrtAt . "CDR L. it. St^Hfi^fe, 
(t£CDRS:Kift1-i>. 

[0402] SIEaiZsrIrr S C D R* 'J 3' : 

[0403] 

[H6] 



CDR HI ( - 34 i 

5 • TTCTGGCTACATCTTCACAGAATTCATCTAGATTTGCGTGAGGCAGACGCCTGAA3 r 
CDR K2 ( ftrl*^ 35 ) 

5 • ACAGGG ACTTGAGTGGATTGGAATCACAGTCAAGCTTATCCTTTATCTCAGGTCTCGAGT 
TC C AAGTACTT AAAG G G C C A C A CTG AG TGT A 3' 
CDR H3 ( ^tj^J^ 36) 

5 * TGTCTATTTCTGTGCTAGATCTTGACTGCAGTCTTArACGAGGATCCATTGGGGCCAiiGG 

GACCAGGTCA 3 1 

CDR LI ( Bl3»|#^ 37 > 

5 ' AGAGGGTCACCATGACCTGCGGACGTCTTTAAGCGATCGGGCTGATGGCCTGGTACCAAC 

AGAAGCCTGGAT 3' 

CDR L2 ( $Lf\fc% 38) 

5 *TCCCCCAGACTCCTGATTTATTAAGGGAGATCT 

3 • 

CDR t3 ( SL^&Ji, 3 9) 

5 • ATGCTGCCACTTATTACTGCrTTCTGCGCGCTTAAAGGATATCTTCATTTCGGAGGGGGGA 



CCAAGCT 3* 

[04 04] ±ISXS (2) K^)50-20 0bpO 
»«A10BtS»DNA75^yhfcCDR3MI^ 
1 0 fi<0*/l*r8ajD Lfc. PC Rfi&ft ( 5 0 
mMKCl.lOmM Tris-HCl pH9. 
0. 0. 1% Triton X-10 0. 1. 9mM 
MgCl, 2 0 OAtmCO&dNTP. 0. 3/zlTaq 
DNAtfT'J.*?" fcf (Pr omega. Madiso 



n wi ) , tgffltsov i ) fcaanu ^lt9 4*c 

7 2TrCl#IBL &V>T'3 5-*M^: 9 4 
•CT3 0IM5L 5 5°CT-3 0Wa^ 7 2KTC3 OfMSItf) 
^-t -y 7 'J ^'ro^7A5:^^, 
[0405] 1 u 1 CO v- v «y 7 U 100 u 

1 ^PCR?I^ ( 5 OmM KCUlOmM Tr 
is-HCl pH9. 0.0. 1% Triton 
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X-1 00, 2 0 0//mcO#dNTP. 1. 9mM M 
(E»^-2 6i3J;l/2 7. TtmMnz t ) .0.5 

ui Taq dnatkuj*^-- <f) izmmi. % LX 

PCR7°n/^A$:30^ 9)V [94*CT3 OtMa. 

^mrv-i V- 1 : 1E?(J#^2 7 
5' TTGTC GTCTTTCC 

msr v * v- 2 : K?y#-^ 2 6 

5' ATGATTACGCCAA 
85 0b P c7)PCR^^^$fJ[l^Sf i ItJitXN 

LT Pharmacia, Mi lwaukeeWI ipt^ 
f#^ P CANTAB55l^^^^iifeL^. Inv 
itrogen (San Diego CA)^J;0 

MS (Pharmacia. Milwaukee W 
I) £XU? hu^lx-hL. ^LT#~i03Q--^ 

[04 07] fftftSnn^-tefoODNAS- 1 0 Oai 
l^OPCR^ft ( 50mM KC 1 . 10mM Tr 
is-HCl P H9. 0. 0. 1% Triton 
X-1 00, 2 0 0jum^#dNTP. 1. 9rtM M 
H * (ilH*-^ 4C) 5' 
E 2 (SL7T*4 41) 5' 
H 3 (i&T?^^^ 42) 5 f 

L 2 (flj'l*^ 44) 5' 
L 3 ^ 45) 5. 

[04 10] 6o0D&jfcCDRfcL »£SA1 OBUt* 

OBSSJi. ^^^o-y^^eocoCDRii-eix-etL 

hK tetter)? n-vfcfcJwSK fc t» 1 o^SJRRaffi* 
^TTSCDRtfittrU *LTfWRR«fflS:irt*CDR 

[04 1 1 ] 4) ^m&mt^m ( r c dr j > <^ 

mm 

-r4 6*U^^W*f-Kfrf»Lfc. CDRfKab 



4 5TTC3 0#f8L 7 2'CT'4 5WS] fi-otz* ft^tl 
4 8 5 0 fflSStlM XODNA77^Vh ^S&ffiS: 

[04 06] WfflT^VH*: 

AGACGTT 3' 

GCTTT 3' 

gCl. 0. 6juM^HB7 B 5>fv-l'(EW*#2 
7. TE«!H^fc ) tJJ:V6o(0rtflir?>f v- (S 
?iJS^4 0-4 5 ;TtSM3?)<rh) . tJiVO. 5ju 
l^Taq DNAtfU*?— tf) KttlU ^LT3 
[9 4XTC3 0fMS* 4 5°C?'3 0#H V 7 
2XrC4 5#E|] TPCRW?ASffot, PGR 

U LT«IB»ffl*^4if^CDR*qfAS/TJtiO 

[0408] CDRfti75^7-: 

[0409] 

[317] 

AG AATT CATCTAG ATTTG 3 ' , 
GCTTATCCTTTATCTCAGGTC 3 • , 
ACTGCAGTCTTATACGAGGAT 3 < 
GACGTCTTTAAGCGATCG 3 ' , 
TAAGGGAGATCTAAACAG 3', 
TCTGCGCGCTTAAAGGAT 3» 

at^l) $-7 0 (ffltfXfiqttBS) : l 0 : 1 0 : 1 0 

(oitmv^&mz^m zm^ u * lt» 2 0 aso 7 

7y^y^iS?iJ^iO 5* *«fcj:tf3' ^HtcHNK 

[04 12] CDR54 75y-<0:t'Jrf 
[0413] 
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cdh hi ( 28 ) 

5 1 ttctggctacatcttcacaa cttatgatrttig act gggtg aggcagacgcctgaa 3 1 

CDR H2 ( 29) 

5 1 ACAGGGACTTG AGTGGATTGGA TOGATTTTTCCTGGAGAGGGTGGTACTGAATACAATGA 
GAAGTTCAAGGGC AGCCCCACACTGAGTGTA 3 ' 
CDR H3 ( gt^j ^ 30) 

5 ' TGTCTATTTCTGTGCTAGA GGGGACTACTATAGGCGCTACTyTGACTTG TGGGGCCAAGG 

GACCACGGTCA 3» 

CDR LI ( (S^l^ 31) 

5 1 AGAGGGTCACCATGACCTGCA GTGCCAGCTCAGGTATACGTTACATATATT GGTACCAAC 

AG AAGC CTGG AT 3' 

CDR L2 ( E^lM 32) 

5'TCCCCCAGACTCCTCATTTAT GACTCATCCAACGTG 
3' 

CDR L 3 ( ft?t| 3 3 ) 

5 1 ATGCTGCCACTTATTACTTGCC AGGAGTGGAGTGGTTATCCGTACACGT TCGGAGGCSGG 
ACCAAGCT 3 ' . 



[0414] **3tpoTtt£ttLfcEJ»li. 70:1 
0:10:1 O0>Z9V**Y 0%\i&£8L 

[0415] m. Vx 1 0 |g<9^S<0C D R£g* [) zf 
S\ ±EIS (2) *»fe(OS$5 0-2 0 0bp^ffi! 
Al 0BaftDNA7 5^>'h^aanL^: ' F'CRg 
■^ft (5 0mM KCUlOmM Tris-HCl 
pH9. 0. 0. 1% Triton X-10 0, 
1. 9mM MgCK 2 0 0um<?)&<i NTP . 0. 
3ju 1 OTaq DNA*r»J^5— (Promeg 
a, Madison W I ) , Oju 1 ) SrSsJjn 

U ^LT9 4°CT*l#fSK 7 2-CT'14Ha. ft^T3 
[9 4*CT3 0&\ 5 5*CT3 08\ 7 2 

[0416] 1 ju 1 -y 7 'J y/Lfcffl^ttS- 1 0 

0 ju \C0PC Rflpfil ( 5 0 mM K C 1 „ 1 OmM T 
ris-HCl pH9. 0, 0. 1% Triton 
X-1 00. 20 0AtmO#dNTP. 1. 9mM M 
gCL WfLO. 6jLcM<020<0*Hi7'7^ V- 

<E3W»2 6*iJ:tf2 7. TIB#HSco^t) .0.5 
//lCOTaq DNA*T«J^7-Hf) KttL. -f-LT 
3 0lM7/K9 4X:T*3 0fMih 4 5°CT-3 0#^. 
7 2«CT4 5#fJJ] tPCRrP^A^^. f#^> 
ilS 8 5 0 m£tt*f >fX^DNA77^yh 
Sr7xy-;l//^OD*;l/AtttliL. *LTx*y-;P 

[04 1 7] nmry^i v-« : 

*HBl7*7>f V-l : &?i]#-^27 5' TTGTCG 
TCTTTC C AGACGTT 3' 
*MW7*7-f 7-2 :E?']#^-26 5' ATGATT 
ACGCC AAGCTTT 3' . 
[0418] 5) scFVfitttDNAOpCANTA 



8 5 0bp<?DPCR4«»&«!lffi»*Sf i I fciVN 
ot I-CfgffcL. fiS!L#.T^n-^y^4>«jRL, * 
LTPharmacia, Mi lwaukeeWIH 
S^?CANTA3 5S3S^^^-(CiiaL-3t 9 I nv 
itrogen (San Diego CA)iZXD 

Pharmacia Milwaukee W I ) (C 

h ii4 K7^f > (Cft 7 t - ^Srffl WC 7 r 

[04 19] ^<0«*T^ELfc5>f^U-*. 6^ 

[04 20] 6) ffiWfttt? u-V^BSl 

9 6^x;K^v-f ?n?>f ^-7V-h<7)l 5^x/U 
£ . ^"9*^ I gG (Jackson I mm u n o r e 
search. Bar Harbor ME)T10ju 
g/^x/K 3 7 < C-ClD#H3-hL. S^tPBS* 
0) 2 %(T)J y 7 r 7 h H 7 A 5 7U 7 ? 3 7 °CT* 1 l*R!7 

[042 1 ] 1 00/z ic07r-> ? ^^7^U- ( IX 
10 l »cfu) ^IOOmI 02%^5;U?T*SBT*3 

o^7'n «y ? u ftwe 1 5 ^ x/u^-E-ii-e/ifcaaiD 

U 37'CT'1» ^^-hUvio 
[0422]»lv?\ 0. 5%OTween-20^ 
ttiPBStfflK 3 7 e CriH)cOgt^^0lO^ 
x/U £ 3 Lfc. Lfc 7 r - £ 1 0 0 
ju laftiiifSffff (Glycine- HCU pH2. 
2 ) TtgfflU «WC 2MOTr is pH7. 4T*ffi 
mz^mt. f Lt 7 r - h 7 >x 7 x 

[04 2 3] i^07r-y7D-y 
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armacia (Milwaukee WI) ScO^ *x 

[04 24] ^x**yr**>ffcJ;9*»Lfc*l^ 
*fi<9?u->1i. K^SAl OBtibKLT^l 0 0 

to4 25] ( mmms . ummm^mmmizx 

h4> VtfTcommt ) 7°7X5 K£2 ooSKKIMI 
[0426] «B»TE M -\&y? fc'iie^ £R 

tt&puciammfcz&mifz ivanish-p 

erroni, 19 8 5. Gene 33:103-1 
19) * TEM— 1 >3 7 7 ? v~tfitf57- (TBI 
a_. > ii. #o. 02.t£g Eii;jt7?^>^{:Jt 

v>£^7?-E^PCR(ij:<K Sf i 1 MUSKS 
Sr. 5 ' HiOrot-^-t^^^^v— tfite^F^ 
3' *Si:(CJPi}t : 

7 e ^ V-A (E5fl##4 6 ) 5 ' TTCTATT 

GAC GGC CTGTC AGGCCTC ATATATA 

C TTTAG ATTGATTT 3* 

y'yj V-B (E#l#^4 7 ) 5' TTGACGC 

ACTGGC C ATGGTGGC C AA A AATA AA 

C AAATAGGGGTTC CGCGCACATTT 

3' 

*5 J: tXffliCO 2 ocor 7 4 V- V ^ 0 y 9 9 V- -fcf a 
fi^EMcOP C R£ J; : 

7°^V-C (E?'J#^4 8) 5' A AC TG AC 
CACGGCCTGACAGGCCGGTCTGACA 
GTTACC AATGCTT 3' 
7y4 V-D (EyiJ#^4 9 ) 5' AACCTGT 
CCTGGCCACC ATGGC C T A AATAC AT 
TC A A AT ATGTAT 3' . 
[04 27] 2o<0RlGfeK**Sf i ItiKLJ 

WfcJ: Onyt'iryh&E. c o l i*0IB&»»IE8iL 
7t. %toi\tz7yX il ; 'SpUC182Sf i-B 1 a 
-Sf itLTt. ZWTyAS KttB 1 ajtfc-T&itf 
P-3rn^-^-SrftWfSS f i 1 77^VNS: 



[0428] pUC182Sfi-Bla-Sfi£f£ 
*1"SE. coli XLl-blue (Strata 
gen, San Diego C A ) fcit"f £-1*7* ^ 
af^O*/MWBK«, 3 7°C, 2 4«Ha»T0. 0 
2jug/m ITh^ti. 

[0429] pBR3220t h ? U V»fii=-£ 
ffl[5]tt$EH£JmvCpUC18Sf i-B 1 a-Sf i 
fc^n--y^L. pBR322Te t Sf i-B 1 a 
-Sf St^Ssp I&J;tfFsp I 

l)pBR322TetSf i-Bla-Sf i <0fMISiB 

t!\ pUC322Te tSf i-Sf i Srftfc. 
[0430] TEM— iafi^SafittS:iP»W:P 

7'^7-26 5 0 (E?U#^5 0) 5' TTCT 
TAG AC GTC AGGTGGC ACTT 3' 

r^-f-7-2493 (mm^5 1 ) 5' TTT 

T AA ATC AATCTA AAG TAT 3' 
7°^7-26 5 1 (E*U#^5 2 ) 5' TGCT 
C ATC C AC GAGTGTGG AGAAGTGGTC 
C TGC A ACTTT AT 3* . fcitf 
7°^-fV-2652 (E?»J*-t53) 5' ACCA 
CTTCTCC AC ACTC GTGGATGAGC AC 
TTTTA AAGTT 3' . 
[043 1 ] 2^||^|,DNA77^>'b^Sf 
i lfcJtfBs tXlTIHffcU pBR322TetS 
f i-Sf iOSf iSHfcfcjfiSLfc. *lfc;ftS7"5X 
5K£pBR322Sf i-BL-LA-Sf i h L 

[0432] dor^XS F£TG-l«££li:JC 
86 7 9 E . col ifflm^-ftlMz^Ufbutf 
U—h Ltio E. co I i JC8679liRe cBC 
sbcA (Oliner^ 1993. NAR 2 

1:5192) ^0«£rh^f 

tiSL^Clfl^conn--^ 1 0 Ojug/m 1 C07yt e 

-fcfafi^A**. 7 , 7^fv-2 6 50 (E*J##5 
0) 5' TTCTTAGAC GTC AGGTGGC 
ACTT 3* t7 B y<4v-24 9 3 <E#I##5 1 ) 
5' TTTTAA ATC A ATC TAA AGTAT 

3' t*ffl^TIW6^PCRtt«fc:J:9tt«iL. * 
[0433] 
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mm 




Ampn o_— 


n □ - — PCR 


7C-I 


131 


21 


lkbT3/3 


JC8679 


123 


31 


lkbT4/4 




51 


0 





[04 34] m 7%~~2 5%<?)'ThJ'*M?V>iWi 

$ Kfcffi«"f-5a5»wa&Hi ? £ < *rau <^ 

hAV ttfliffti ) £ - 5 7 * v— *£ ilfi^F^OR* S St 

[0436] pBR322TetSf i-Sf-ifcJ:^ 
P BR322TetSf i-Bla-Sf i commz^ 

[04 37] /9-5??V— t'ae^^2o^)W^£ 

ISSfi-Bla-Sfi T'l, — h > LTS : . * 

fc. 

7°^V-2650 (E?lJ*^5 0) 5' TTCT 
TAGACGTC AGGTGGC ACTT 3' 

r^^fv-264 9 (mm^5 1 ) 5* ATGG 

TAGTCC AC GAGTGTGGTAGTG AC AG 
GCCGGTCTGACAGTTACC AATGCTT 
3' 

SI2<9PCRR]5£OTW7-f V-Srffl^Tff^fc : 
7*5^fV-2 64 8 5' TGTC 

ACTACCACACTCGTGGACTACCATG 



GCCTA AATAC ATTC A AATATGTAT 
3' 

75-fv-24 9 3 (Efll##5 1 ) 5 TTT T 
AA ATC AATCTA A AG TAT 3' 

<r*iteJ;3 2ocob i a«£? (-*<ob i aae^i 

5' *«Sf i lg|S&&J;tf3' *SBs tXlgPfiSr 
*U IfcfiT^B 1 aitfiS^JiS' «Bs t XiaWft*J 
il>'3' *SSf i 12S{i£fl"f&> £f»fc. 

[0438] iftt^O^jftg^fcBs tXlfcil/ 
S f i 1 TC0?ftft*5<t l/S f i 1 SHpBR 
322TetSf i-Sf i ^(OmSfk. B 1 aitfff 
<?«MRa**T4r5^5H (pBR322-Sfi 
— 2BLA — Sf i ) (01 0 £#880.14: ) . 

[04 39] 1*7)7^ FrE. c o 1 i Mft^X 

M/-:, &ivci*sifc£*l6^3n---£ 1 0 0^g 

B I a#7Jfc£. S6*W8tciB«3<i6*ft*$J:t/7-? 

1 k b oif $6 tSSii* J a b£«iR 

^(duplicate gene) sMHIft*. fcflfc 

[0440] 
[3110] 





Tel 3 D ~ — 


Amp 13 U~ — 


n p --PCR 


TG-1 


28 


54 


lkbT7/7 


JC8679 


• 149 


117 


LkbT3/3 


^55 — Z2 >hn—)l 


51 


0 " 





[ 0 4 4 1 ] 3 o P C Rfc J: »K «WIR«A t S&#W 
(cffltti <->iiT . *-Wffl«ijlfifF^»«-r & Z t $■ 

[044 2] (XffeffllO. Mi^-OA^T?* 
[044 31 v^^Wjfl&i.nyha-jWi. /3-7 



«*U*£S5li»±. S^MMfc LT<0/3 -5*7 ?-7~tf*> 

[0444] miUlCfclvC, P BR322TetSf 
i-Bla-Sf iSrEcrl T'MfcU l&OA^&P 
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CRffl^B (Cad we 1 1 WWoyce (199 
2) PGR Methods and Applic 
ations 2:28-33)i:0)l: loffi^tt 
(lml) fcJBlrvCPCRfcsWtfc. 
14. MMC7 0TCT24HBL &WC9 41CT3 0#I8L 
5 2X^3 0^ H XX/ 7 2 < CT34Ma^feWc6» 
/1«;/W3 OlM^ykC* 1 ^ 8fctvC7 2*CC1 

[04 4 5] loOB 1 ajtgTa^bD-^XS 
K fc*><9 P C RRJETMffi $ ft 4 r y A V- 

(4. 7°7-fV-2 6 50 <EW*# 50) fcJ;tf7 B 7>f 
-7-27 19 (EJ'J#-^5 5) 5' TTAAGGGA 
TTTTGGTC AT GAG ATT 3' TAofc. «I 

fc. 

[04 4 6] 2o^B 1 aitST-T^S FSrfBJTS 
jfctf>fc 2 r><r>m& h P C RRJ&Cffiffl 3 ixl> T 5 4 
tl Sl^ite^do^-Ciir^-f -7-2 6 5 0 (E?'J 
#^5 0) ^J:^77^ 7-2649 (E?fl#^5 1 ) 
T*J> ') . -r L T II 2 r^e^Clca <[$r? A V- 2 6 
48 <E?BS^5 4 j ^J;6 c 7 : 7^7-2 7 1 9 (E?'J 
#■§■5 5 ) T'Jo fz liKi, 2o^tgi|gl£DN A 7 
V : h = 8 9 (77-f7-2 6 48 

oio c 2 719 TiSS I ) & J: 7 7 ^ > h # 9 0 

(7 i 7-fv-2 6 5 0^J:t/2 6 4 9T'li^L^) Zti 

[04 4 7] K0#fc&PCR<7)f&, WBSfufcDNA 

75^yh#5 9omas*sf i n«u *wc 

pBR32 2TetSfi-Sf i flfc^o-xy^L 
t/7ASFpBR322Sf i-B 1 a-Sf i*<0 

[04 4 8] WOA^&PCR^ ittHSfutDNA 
77^>yb#9 0fc«fcV#8 9<9«HS:Sf i I fcj: 
OTs tX IT5 0 c C*CM-ftU >?-LTpBR32 2T 
e tSf i-Sf i(^3ilSLT7 0 ^X5KpBR3 2 2 
TetSf i-2Bla-Sf i 1 WMSZtltlMmZ 
fflRLt (110), 

[04 4 9] 7*7*5 KpBR322Sf i-Bl a- 
SfiifcJ:tfpBR322Sfi-2Bla-Sfii 
£E. coli JC8679W:xl/^hn^l/-h 

U-h(C7V-hLTiB«tco^TjM^L. ^Uf 



[04 5 0] ^U^=m--£ (f h7f>f;'Jy 
±t^^4an-»co«ta^<>i&v\ LB-te 
t+TflJ«S*. *LT3n--fr6DNA&fflilJL 
fc. ilUiffltftiOlHIT*!), :ODNA^EcrI 
XifHfc L . * LT±f E<0 X o \,zm 2 BOK 0 P C 

[045 1 ] 5 0ft* loc07 5^> yh7°7^5 Hfc 
*«-6-fe7*^^f^^MIC <ft/NMF«K) J±0. 
3 2T*ojfc* )E * 2*>er?y7*VY? s ?7s* Kfcol* 
T<0MICttl. 2 8t*r>t. &£(1 5-tM?;M& 

TTtt4<SjSA»ofeii:S^. 
[0452] (leMsMl 1. 75^>yhtf0xu^hn 
3 V *^TS >f yttttHJUi ) p U C 1 8 S f 
i-Bla-Sf i^tfltFjrE. coli«^ia 
«tOJ:3fclBRLfc. 7°7>U KpUC 18Sf i-B 
la-Sf ill «a}fc!Eao«td=SrlWW=SrTEM- 

i 0 - 7 ? * v-Hfae^fc^^rr * . 

[0453] pUC18Sf i-cef-Sf i <?o 
->ST2) (Stemmer WPC (1994) 
Nature 370:389-91. ^Wl^T 
LTSJHSflS ) SSWTEM- 1 4*-tr7*? 

^5K5:ttl)E. col itC*7***s/Afc<oVvt 
<06 4 0 g/m 1 COM I C 1 Otf)ggiM;:i3l* 
^7'7X$F P UC18Sf i-cef-Sf 
i DNAJ, m$KpUC 18Sf i-Bla- 
SfiSrWfSE. c o 1 i «|*HCXV? hn^U- 

[04 5 4 ] ft\commz&^X. pUC18Sf i-c 
e f-Sf i 7 tf^i/J^Mfc? SrlTf&DN 

A77^yhJ, 7°7-fV-2 6 50 (E?iJ#^5 
0) fcJ;tX27 19 <Eyfl#t5 5) SrJfl^&PCRfc: 
iOifiSLfc. ftfeiiSlkb^PCR^lSSSDNa 
s e(Cj:D 1 0 0bp*i^DNA77^>-h«ifl: 
U ^LT l Iix^£7)7 7^>'hS-rT'CpUC18S 
f i-Bla-Sf i^ttSnVtf^^E. co 

[0455] <!z^z\ mcommp^mn^m^titz 

fe. *S»£*7fc:3ir*\ 
[04 56] 

[ai i] 



(09) )00-30S490 (P200 0 
=1 □ - -ViZ 7 * ^ * yAIg 



-3 0148 









X • ^ o 


^ 0 


10 - 0 


DNA U>hP-^fcU 


14 










ST-2 , £4* 




4000 


2000 


BOO 


400 


ST-2 , 




1000 


120 


22 


7 




27 












18 











[04 5 7] xl/^hn^l/-^ 3 yf^, S 

T-2 CefjlS^^'JBIS^VAi^^r^X^ 

[04 5 8] ^oT. ST-2af^7 7^yMCcfc 
0 Hr 7 * 9 * ABftc7)tijD t i <! ft h<D 3 n 



NA5 ±EcO*ffi t ± & P C R £ ffil vc ifi|I L £ 
UtDNAfc DNas e Tffi-fLLT 7 7^ >- h (<1 
00bp) £U ^LT2-4//gc077^yh5r± 
l2^J;^(Ct-T"^pUC3 2 2Sf i-Bla-Sf i 
Sr**-fS 3 ^tfVh'SrE. eol i fflfflrtfcxw? 

[04 59] nyhn-^tU, 7°77U FpUCl 
8Sf i-Kan-Sf i £^rf & a > h%E . 
co 1 itffifflLfc* pUC18Sf i-cef-Sf 

i ^) P C R4E£^1 fM^ D N A 7 7 y * > h 

4 ^yiBfi^k y3 - 7 ? * v—tf a&F k 0M£\mm 

[0460] £tf>3a»£2IIIRaU *LTtSft*£8 

[046 1 ] 
[«12] 



lit 


Cef 7$L& 


KAN n>\^~\\^ 


Cef rtrt/t4.3P-— 


1 


0.16-0.64 




P- V 


S-7 C H- 


0.32 


10 il* 


1000 


2 


10 


10 


400 


^■7 L, l-H 




lOOsm @ 2.5 


50 @ 10 


3 


40 


100 sin 






1280 




100 sm 



[0462] ( gjfcffl 1 2 . HttiJBsStofltfe ) #HS& 

[ 0 4 6 3 ] H 1 «7/o-ft:fc^t .^??-pU 
CISSfi-Bla-Sfi £PCR75-r V-i 



T'.XVMiB 1 a»g?<fl+ia»#£3-KU:. Se£ 
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7"77,$K7 7*00'r-£J:tfs££&B 1 ajl{£7£3- 
•f.577^>h5r±lBO*acJ;0|5imc:E. col 
i JC8679«rttxl/?hn,-Kl/-M, 
T«KKSM*fcWSr4«fc*>-fe7 * 9^yM.±l>zru- 
hL-fc. 

[04 64] ^2«0TTU— <?^-pU 
C18Sf i-B 1 a-Sf i£iiJfLT, JJESSKO 
77^-?-fcfctt6J:5fc^K3iifc*3£7-7.*5 H 
77?Wr-£4JfcLrt:. 2^0)7 yVXybliZti? 
t&k%B 1 aJtfE^O-gPS:* U 2 otf>7 

7^yb«^Ciot^B 1 alfiffcifci!*4 

7X= K7 5^>-HfcJ:l/2o£7)B 1 ajtg^75j/ 
^O'h^-r^Tnyt-ryh^rE. col i JC8 6 7 

S^Oi8S<0-fe7 iJ-^=Sf xA±t7"U- h- Lit. 
[04 6 5] liSiOTru-^C&^T.. 
yX%Y-t<7mft*E. col i JC8679SIW(: 
XL 7 hn.-m, — h L . * L-C#mE**£a««!>»S 
^j-fc 7 r ? i> ^ HzTV— V I tz . 
[04 6 6] B4^rrn-^(ci3^T. sei:&B 1 a 
fi&rSr, niW?-pUCSf i - Sf i 
E. Col i J C S 6 7 9*fflKf*5tCXU^ FqjKU— 
M_ *LrjgJt(Etft*5:a-<JW«ScO-t7*#*>-A 
±C7U-hLfc. 3> r-n-/U£ LTE. col i 
JCS679«£. sS:£&-B 1 a3t&f =i£Ji/<.? ? 
-liM^ vfft>T"XU-? b h Lit. 

[04 67] USSfciai lfcSt-f. ^7^-^O2OC0 

ffi^. si3<orro— f-a, jfAw^iiaaiDNA* 

L, H3cOT7'a-^^iji7t, ?-cr>xb"? 
[0468] (gffcffl 1 2 . *-*>ttflfi&*aHt* 

i/ikvh is* ••/ 7 y vwt&m* v h ) mmnzti 

*-**WW-4fctf>tc. i"* y 7 »J v/Sfift 4a*<0 

7 y y ^ftoWBRSilW* . H 1 2 il *tl?tl 
^fi^i&WMftoa-te v r- 1 ocoH««S- 

13 1 3 lt*tittttGfr&?imZ1ilWi&)*-tv 



■fSae^ffi^-fe-y r-^^y^y^'EJiJCraHL 

SUfcBW-Utt* (Witf . I o x/c r e *fc{if 1 
p/frt*) SWtWfcR-fcfiH k BBS L . 3t£?£ 

•v 7 y yyzmmh i -5 tc-f & . 

[04 69] tf-tr-y H±PCR7 7* r *yr-fc LT*-y 
l^O^-fe •■/ hcr>ffi\Zmfl\<7)J-j.-7"l,ZJ*-y jr-'JZtl 

*. <7*-?-f7*9yHi..*fi«i^e?ffitf>;& 

■fe <y h 0»«7 ? y* y b »»■*- & JlfiMtfMr 

4 7*? y -<w y><-uti woroftig u:ag*fc i 

iM-fe-y h J: 9ifcg£;ii&#-fc: y KOffl^fc 

•fr**tr. ^^-SJWJ^rfiiaBrtt^L. ZLX 

zcomi&zmi.izmwjikttTX'tmL. tLxmrnco 

[0470] (9mm 1 3 . *&!Wt9W1L ( G F 
P ) tf«*tt£*»W-6fctfX0S'+ -y 7 y y^) 

(ft) SM^^^^f ( r GFP j 2 38 

Tiymmmiixm^27 , ooo^f*sr^rt-sr 

.-K^W?^«43|WD*:y^7 - f-HT*S. GFPIi. T 
S^iW«a6 5~6 7*»4»W*S<l4«fiBB**tr. -e 

o^mr^-ri'jfc:. GFP(4»3i6*»-r* ; ztut. 

^■ItLfcail/yf^y^ (coe 1 enteraz 
i n e ) *»4>c0x*;l/^-K»t:J: OvStt-fbSfl. GF 
P{i5 1 0 nmX-<m&8&t*f$?. IHyfc^itttUV 
*T«)«Mt<0|Rttt. GFP(±. #55 1 OnmTIWsa 

[047 1] ^5 y A equorea victor i 
acr>l&&&%? yn? Sf (GFP) (i. JH£T-^fc J: 
^m<m$WZ%Wj:Vit-9~X'hh (Prashe 
vh. (1992) Gene 111: 229 ; 
Prasherij, (1995) Trends In 
Genetics 11: 320; Chalfi 
e^>. (1 994) Science 263: 80 

2. ztit>ii*wmmwzmtixmmzti&) . w 

O 9 5/2 1 19 1(±. T5yi!6 5~6 7*^}B(R 

S. WO 95/2119111 A. victoria 

GFPc0T^ / <7'^l^cDNAtfDK^W, S^bLit 
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mm^i^th^r^ vn&tfte tat t>-tz tzm^ 

HGFP (S6 5T) #WS3*rO** (He im£>. 

( 1 994) Pr oc. Nat 1 . Acad. 
Sc i . (U. S. A. ) 9 1 : 1 2 5 0 1). 

[04 7 2] («g)&fe£3K*>v^«<GFP) 

(=. Xtt£ft) tfi^T^Btf>ffil£x^;W±lSt-y 
S^fc^JlSSiifc. IflWi. E. col ifcJtflWL 

htzMzQ¥v^±mmmt^mh z t t* 

GFPWmTUmmiZO. 7-0. 8T*0 (War 
d*b. (1982) Photochem. Photo 
biol. 35: 803). *LTft*W£E. c 

0 1 i«B8!tfc(t4GFPo«a^wi. ats? 

>A?»^7 5%T*&o£^T\ £«W=fi:»fKcJ:SG 

[04 7 3] GFP<7)&#te. »1 Kf?tenH 
> ffifflMSS:*-f £GF Pit£r^S(ci: Officii * 
fc« &tvC\ GF Piters:, fttBfl*i^n->'(?>a 
Jtfr^SraSR y c i&^t^tt: . D X A > r ■■/ 7 'J > ^£0K 
a^^f ^ifcJiGF Pjte^co^tt (sexual) 

-rz. e. coi i (c^it§±5gffi**>^;Ui«ji-a: 

7-y-fe>f Silfc. 

[04 7 4] 3Hy«effllBK*«ac#3<i. *LTI«W 
tfl»4GFP«SHfc (Clontech. Palo 
Alto, CA) itHSLTE. co 1 i£n«& 

«W«^&^i.l)4 5f&^#^^t^ 
$ 1 6 fgcO&##. *tt P C RCO 3 -*M 9 ;W3 <t 
t/fttBBS^E. col ir?u--(cov^T^^W^r 

sm (cho) fflBfctHvcsesLfc. i^-y7y 

v^Htttl, ^■fiE«^«lS:fiil)4 2f&^)>'^;^ 
K*F3rSLfc, E. co 1 ilcfcttifSSI^Wi. £ 
^Wn7B^7 5%T^-fLL&^*:, G F P<7)jfki\ 
*3KfcJ:V^iaiefciJt^kL^o3t 0 E . col 

1 tfc^TH^S^GF PO^^U^AftfcfcO . % 

W)±m\±wsm:h "? s^ojsttT* & • x , 3 

NAE^-V*y7>J>'^ (trttPCR) fciO. ftS** 

3BiSt*^»*W tfW L» & - 1 **rr. 
[04 7 5] (#flt*ffi) 



( GF P»x?fifiiS) £B!3*lfcE0l ( P r a s h e r 

6. (1995). una. zti\±*wmm*i,zmt L 

TSfflSflS) (238AA. 27kD> Sr^T-rS. G 

FP^y^asrn-H-rsag^s:, 

f-H*^flBBLfc. TpfficOGFPflBSaft (Clonte 
ch, Palo Alto, CA) fcliitSSWfc. 
-TOEyiJfcL 7C<OcDNA^o-ytl i ajS3h.5«J:-3 
(2. f Me tOftfcA 1 affi^^^. 54-8 

msmuzx^mitt. zix<??-a \ P ha+o 

FP (Wh i t e ho rn^ ( 1 995) Bio/ 
Technology 13: 1 2 1 5 . Ztlti&ft 

u zixmm&Ltz* <x^x\ zn^^^yb 

££GFP«3S». A l P ha + GFP«U: (0 
14) . »WlfcGFPite?li. T$y^7 3ffi (C 
GT) . 8 0 (2 { C G G ) . 9 6{J (CGC) . fej;^ 
1 2 2{i ( CGT ) T'&fkLfcTyMr-Vn Yy%%As 
X'^fz. 3Fy<DW9£«^$1i\ ^LTE. col i 
ic^ft^^^^n-f^^c:. *<<^fl!JWM uy 

b^mzmuzimtx . &Gfr0)%KLiz&mztL&m 

ISfflfiSrffSLfc. dilute. S2 (AGTKAG 
C;NheI«ffiS:tt8t63tto), K4 1 (AAA** 
PyAAG ; H i nD I I I ) . Y74 (TACA^TA 
T) . i3±t/P75 (CCAKCCG; BspE 
1 ) . Tl 08 (AGAHAGG ; Nnu I ) , LI 
4 1 (CTCHTTG) . *3j:I>'E 1 4 2 (GAA*» 
^GAG ; Xho I ) . S 1 7 5 (TCCi^AGC ; 
BamHI ) . ^^>I^tCS2 0 2 (TCG*»feTCC ; 
Sail) ZCDMfc?<7)5 J 

ttlftl. XbaiaffitJitXEcoRI* 

(is^-ev*. afig^coi^js:. sw^gfciions 

[0476] tmmWjGF P<7 f-tStX/Efflli* 
Ge nBankf-^-XK, ^J^(f. >f^-* 
•y hy-^HV^f K^xySr^LTs 7r^kCVU 
36202. CVU3620 K XXP3 5 SGFP S 
XXU19282. XXU 19279. XXU1927 

7. XX U 1 9 276. AVGFP2. AVGFP1. 
XXU1 9281. XXU 19280. XXU1927 

8. AEVGFP. fccfct>'XXU 1 7 997 (Ztlh 
li. E?'j7r^;U^J;lXn^yh ^HAffltf^fcEpfflfc 

fflfflSiifi) fcLTIi^fti. 

[0477] A 1 pha + GFP(7)Xba I - EcoR 
I77^>h (^GFPitfri^-irtf) Sr. JKS^Hi 
SS^^pBAD18(Guzman^ (199 
5) J. Bacteriol. 177: 4121) 
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-GFP (HI 4) Srlffc. <I^^^-^i3^T. G 
■y-tf- (araBAD) eOfflWTfc* 0 . <I*Ui75fc: 

y-x to. 2%) xim^mx%h. ztnt. tc^t 

FP ( rwTj ) kWitih. GFPMil^^- 
S:, Clontech (Palo Alto, CA 

) frhX^Ltztf. Zttii^Wmm^X' rc 1 o n t 
ec h j fiHSBifc^d. rciontechjBRSi* 1 
4>OGFP#BfcL IPTGWWfcffcgfc-*-*. 

[04 78] <ae : F^-y7yy^tjj:ixa«i) 
FPae^t*tr»ikb<oDNA75^>'hs. r 

TAGC GGATCC TACCTGAC G 
C (Nhelffi) fcit/S* GAAA ATCTTC T 
CTCATCCG (Ec oR IftiS) SfflV^PCRt 
JrOPBAD-GFP^?-^^ -f-LTWi za 
rd PGR prep (Pr omega, Madi 
son. WI ) fcJDHHHU:. £<0PCR#ft£, 
DNase I ( S i gma) *fflV^7^75/ 
y>NOWftL. ^LT5 0-3 0 0b P (7)7^^y 

7 7 $00^ Sr. Taq DNA^'J^7-Hf (Pr 
omega) hftCPCRil^ (Promega, 
Madison, WI; 0.2mM #dNTP/ 

2. 2mM MgCl 2 / 50mM KC1/ 1 
OmM Tris-HCK pH9. 0/0. 1% T 
riton-X-100) 0-30ng/// 1 "CIS 
S5SU *LTS t emme r, WPC (199 
4) Nature 370: 389 <*BJ»t4H;: 
#*fcLTSMS*l4) tfBaSh^Adt. 94*C3 
0«\ 4 5*C3 0fJ\ 7 2°C3 0SV)3 5"»M?7U7)P 
CR7W5A£JfllvC ^"^v-SrJHvvffc) ffl^ 
£Tfc. #U^PCRS£*fc4 0te 

£«KU *LT^£*£«a£. 9 4*C3 0S\ 5 0'C 
3 0#\ 7 2iC3 08\ ^^T7 2°C1 0#IBfc02 5V 
A ?JV(?>PC RT*|5] 1 2o<7)7°7-f V-Srffl^TlifiL' 
fco Nhe I^il/EcoRI^l^BMWS 
•ffcoa, j£385i5-«\ -tLT-f^tThnTfflftifeGF 
Pae^d^^^U-Sr. PBAD\;^-(^ 
n-->'^LMU E . col i TGI (Pharm 
ac i a) tcxU-? ho^l/-y 3 ^LTl 0 0 
jug/mirvtyyyjoiM. 2%77tV-X£ 

rn*-*-j^4><0GFPJS££»»Lfc. 
[04 7 9] (3EAMc3HR) fPUV^-yn (36 
5nm)<9±T\ 4 0^fttBB&^3O--grjMS? U 
^LTT-H'Lfc. r?P--(7)7'-^SrPCRKJEc0r 

yru-htLT^fflL. GFPSfs^r-^s 



-7V-hT\ a3fc»*MSet4ikfcJ:9IS|J6Ufc. 

[0480] E. col ifcfctt&SBtt^^tfttO 
tW:, DNAffi5difc£S\ Applied Bios 
ystems 391 DNA^-^yif-Tfifofc. 

[0481 ] <GFP<DCH0*EK5BB> GFPjte^ 

£ N EcoRNXbaI75^yhtLT, 
ttJSSK? *-A 1 p h a+ ( 1 6 ) CSAL/-: 4 7*5 
4 0 0VfcJ;t/2 5 0/xFT\ 4 0jug<97° 
7X5 F£Mf0. 8ml*tl0 7 affiOTl/^ho 
tfV- x a y fc i 0 c H oiHlBfc h 7 >x 7 x ? h L 
Jfc. *IWE8ltt£. 10-12Bia, lmg/mlG4 

[04 82] FACSM^, 4 88nmtW8Lfc7 
;WW*yi/-f-^fflUTBec t on Dick 
ins on FACSTAR P 1 u sTfi-ojfc. ffifc 

[0483] (tSA) 

( a K^flUHSK) n H Vffiffl»*W80C$fLfc^lSG 
FPJJBBft ( rwTj ) ^JBS-tSE. col i li. 

r C 1 o n t e c h j Wm*imthimii 9«ff3 
f^^^«^^^^^l:?t! (B15A).: 
OJtt&£. S^=flrBWM3<fct;9L^OD 6 oo'W i fofc. 

r WTj ffl*fti+^LV^r^-^3Kycoatt*5J: 
t/'CClontechj «B»»K:ff1tr & N**B«**fc 
JniT, ^i|^^"ib > e tl/GFP7 0 n^:-^-(^< 

[0484] (ttt(sexuaDPCR)^rw 
Tj GFP»^^3Kx^/U£. *HjBn»4>fcJ;tf 
Stemmer WPC (1994) Proc. 
Natl. Acad. Sc i . (U. S. A. ) 
9 1: 1 0 74 7fcJ:tf Stemmer WPC 

(1994) Nature 370: 3 89(<I;fl 

&#ttPCRffifcJ:0. *H*54:/5'J-£«ISSU 

HSW-iifctJ:^ S^fciSHLfc. 1T14PCR&J; 
WMtR^2dl@cO^^ ^/Ucof^. rwtj i0^8fg. 
rLT r C 1 ontechjfl«ftJ:D23S!WSii 
tz. ^Jlft ( riM?/!^ j ) 3 0SO1M? 

r WTj 6-18fS. 
rc 1 ontechj «fc 9 4 5ffi*# <&#S*lfc, S 
( t*M9)V3s ) £f»>fc (HI 5B) . ^flfrco 

BiieJ3J:^*aj^^h;^t:-^*fiJi. r WTj m 

mt%<7)Sctl t H-T* o . ' ^ffllfi^ SDS-PAGE 
4WrfcJ; , 5. 3o^Tc0ffl^»T^UcGFP^yA° 
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KZA^feX-gt-ftLK^Zbtf^Ziltz (016, 
*>M a ) H £V ( b ) ) . «3i8lffliJ J:lfi*frjM! 
t «t £ ao»il;l: J: 0 , r wt j wsmi&Xton 

mBX'lltA,t'*%&%G F P £-£tf#, r-tf 4 74, 

3 j ^JittG f Ptt«tx,if »r*tt0>* tx-h o. -e l 

47^3 j SB**"? k^gafc^tf^fctf&fflSfi 

3t(H17). r^^;l^3jii, rwTj ^HiftfcJt 
©LT 3o<9?>v\^ft£g:fc±tf3o<-o-iM 1/y hs: 
g££/0TVJt. £PF 1 0 0 S\ Ml 5 4T, fcil/ 

v 1 6 4 ah. m*ms&)x «)®*.immx'0)m®& 

•&tf (Ky t efcit/Doo 1 i 1 1 1 e, 198 
2). lo<0tofct,feL^I8BB<i. tc8&*)GFPW, 
*<©«iiiJifciBMctt»tt** L . £ n t «t 0 x ? 5f i; y 
■ttAtW>9 w<?RfcjESfclS*f 4 £ t T'£>& . £ 
cO(B!^ * > ; < WUf . K*tt«tW4*** 9 1 S 
Lf*. * LTJftfiHKOi EIHKSttfc£*&W*# § . 

gm^ft^iL c ^ea)gttft;^it^2ri>^<b-r. 3 7 

TtHffM^T; , 2 (i. <~wTj GFP&itf rtf^f 

3 .. ^£G F P 7M~fr'\Z.-o nt9 5 •frf* tZb tfTjk 

[0485] iCHOIi) §£7*— A-T-f 

"TtibT.&OftS (tranferable). nfStfc 
^xmRLtzte. r-t-f ^^3jSS»GFPfc. 

^7.:? -mams (cho) fc*Nvcasi3*fc. 

E. c o 1 ifcftwc "1M ^^3 j flWPfttt. r W 
Tj flMSHlJ: 0 1 6-1 Q^^i-i^H-ttztiK 
"1M ?>l>3 j Kj^SjratiCHO«Blfi<0«3t** 
H-OftttTT f WTj flHRMJ: 0 4 2fg*# 
&£«&fti'^vl^Lfc (01 8A) . FACS 
JWMfcJ: 1 ). "1M7/U3.J fcjg9W-iCHO«IJft?n 

C H OMBJ: 0 4 6 fg*£ fc jWIBSilfc (018 

b). rwTj mmafcmt&mvx-ii. 2mM<r>m& 

m-f&Zbtf&iiiZtltz. 

[0486] {A9V-=.>rttfflR) Ztlt><?>&& 
iftlO. 0 0 03PZ-«0SgWx?'J-z^(; 

-csanu:. ^y^««ttKJ3»ts*u«#t. it 

<**.*3ML$*<:*4i:. *ttPCRti. #ftaffiigm 



[0487] ( UStflJ 1 4 . K#Lfc^rf- Kfa/ 
W 5^ 7v 'J -t^SSf fifctoo^-v ••/ 7 U 

<)-. AT\s4 y47yV-%b'frt>%f 

Wrltthtlhb. 7C«T-f*7'U-Y 3fut (d i s P 1 
ay e d ) WftVfStiZfc&T 4 *7V-r-r4£2i&ft5 
4 fy V-zmm&X.Vx?*) --yy-fh z btiita 

com£-t<7)mmtmz&\,wx\ $x<n\mM, -wm 
iz-'/Xy^yy^-um^t^K £f>c mm£% 
mth z b iz x o , mzntimmiRco rmmm 

(landscape) j {4. ^RfrWftJi (local 
optima) ^M.tH-ttziblzm^ixm, . 

[0488] ^mfttomMzMzmsLmzmm^m 
amtjaeiiRX. *-fe-yhswBi». tJAWRt)**** 

^rPCRAWoitl.. 

[0489] (flS) >f V t hn-CSC*^ft®-t4fcft 

0MmZtit:1imt. nNAi/\~/7VyybLX%Ato 
ixX HS.DNAyf 771) V ^cO^IS^^fcV^T . 
3tfe^(i, DNase I "C-'hS &7 yVJ*7 y^^y 

ttv^-f ii<7)7'7 >f 1 ffiffl-T & i t &<Bffl££ix 

*. Bffli-riro-t^ii. r/i/-7>j-fo^ , J 

p< ^--tf^HfitrefcSWHtiT* Oft. 

*«»0. 7%^T"^tS. diX^co^Sfih^y^g^ 

[0490] -H s BfS<0!RHt£*f!>7 r-^'r 7> 

3-1 0 0 0fg) MMyr-^^Ltz. «6->T. E 
fSlsl07^ 7*5 'J it)*a«fc; J: 0 . fBW?aa* 
iiLTftSS^T r b/^5-^A (h i 1 1 -c 1 i 
mb) j thZbiM&X'hh. 
[049 1] |2«^/5 I J-*^. #«tLHTL 

tRti. 7 T->*±-C(£v^ii (valency)^ 
Tcry^MWAt (mutageni zed) ^HSrr -f 7. 
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'J #> H ) <0&G.TX\ 9H 2Hkit? 4 7y>J- *A 
[0492] OMfc) 

J0E8il»i:LTJll&*lTH4. *V3?7\s*i-h' 

if 7 U** Hc04"MjS< T 1 oJJUKOigS* 1 ^* J: 
SfctSH-SiiS. zco*Vzfz?u$i-vtf-*mf-y 

7U- bDNAt i&mftBtft U:*g\ 'vf nZSffi 
4. 

[0493] -#gKS^f&«9fctf><07*n f> N # 

[04 94] 1. Ml 37r-^7t{i7r-^'S K*» 
4>— *«DNAS:g3»-rs. ^2AtgODNA2rmB|-f 
6. DNAIi, dut-ung-fflMfBS (ftttS) *>6 
*Jf Lfc, *<0SSH. EKaflfcDNAIi. £<Of-$ 

>-aats)ftb o k *y 7 isivz^ts. 

[04 9 5] 2. SII**l4IWfttWSM-4 3— f-fV 

rmmiztttx „ < k t 1 5 2 fctt 2 o asatm 

te£*1^&:*y:/if?M-^K£i&fH-£. d^jfU^ 

. > 1 2 3? ? h ) . mmmt. jeh*b 

•J a* * ? M-f - HJi, XJIttAco^jno^MU^Vdn 
5' PO 4 «(i<0«i4fc. T4.-K'J5^U- 
Wc J: "5»WW(cf«DS*i»4 ) £*LT 
■^EK^ixStii-fT'*)!). (Eppendorffa-/ 
tfcV^T, 50mM ( P H7. 5) > lOmM MgC 
1 2 , 5mM DTT, tJ«ft>"OA mM ATP4 3 
T\ 1 0Ong^U^jfj?U^f-H^2#fi[<OT4^ 
'J if ? H * -t— fe'fc 3 0#|SM i^- h 
) 

3. 1 u g£>— ^ISDN A, 1 OngO^-y^if^U^ 
f-H. 20mM Tr@C 1 (pH7. 4) » 2mM 
MgC lj, 50mM NaC 1 500x< l» 

Eppendor f f- A -74iT:ty:f*?M-f-Ffc 

-*fl(D n a t £ r-- y y^-rs . 

[04 96 3 4. Zffyfflt&mdB&l. *IX 2, 3 
SHf-jL-^SiSiC^iMiLTfaWc^BliWX-r*. 7 ox: 

M, 77^3^5^^ (lab bench) t 



[049 7] 5. ?-A-:7fc*Sj&»iyR9iHU -f-LT 
*it«r*J:fc«<. JaTOWi (&SS1 0 0/* 1 : 2 

OmM Tris-HCl (pH7. 4) . 2mM D 
TT, 0. 5mM dATP, dCTP. dGTP, fc 
<tI>'dTTP, 0. 4 mMATP » l*fiOT7 DN 
AKVX7— fe\ 2miSjf<7)T4 DNA'JXf— tf) Srf- 

[0498] 6. 1B#HM. EDTA£ 1 OmMWfiR 

[049 9] 7. 20vl£V-y7JWt>nmL. 
X Ttfa-xytl>±.TW. ~*0D N A«>D*«MMi. 

j: "jfiraiLfcDNAtsaaftSit&jirTft 

fjStfi. (i-Kb-h. -ryrw-K # y a** ? 

Hfc**<r^Tryrw-hRi6«l) . Z*iWttDNA 

SrHt&TtWc:. T4 DNA'J #~fe*£8aiH-£. 
[0500] 8. 7x7-;U}ftaitc:J;i9DNA (80^ 

-rs. 

[0 50 1 ] 9. ung*il(;xl/?hn^l/-yg 

y-rs. 

10. PEG£«tJ:'5^2iS«;7T->-"S-^m-rS. 
[0502] (*^7h^Sp)3-fO'7*iW 

^M^S^ffitJ; Of^S^fLftl. : A) 20<05}-y^if 

*DNAfcS!lWSii:fe:J:S; B)«1ajfc. 
•ft^futE^SW-f SjJ- y ^if ^ U-jTf - h' frffl wr D N 
Aco-fe^yhS:JSiSL, ^v^'dODNA^HlillL 
T ^ D-r. y?<r)tztb<r)A -t-vh timthtzz tlzi. 
h ; C)ft*j{c, DNA-fe/^yhco#^$r, 5^ 
Afl:SiifeEM*#f y 7 H ^ffl^Tii 

nktoMtHfybtl/mt&zbtz&h ; feir/D) n 

^ii^-fe-y Hi, yy-tv-Mt 

t¥oT, ^-b-y h«^a-^y^fej:^31«i. ^r-fe-y 

^7-^- F ^ Ji ^ y/ < ^ ff 4 . 

[0503] 2otfMBtf)S»BH*xdf-A3&« 

a 4 fcu^r* h t *j ft b ®fe<r>mm± > ^t?^ 

•MLSixfcl). -ii^^faRT-conHyti. NNN. N 
NK. ifcttNNST*i3ft. i*li5>tt3 2 3Ky*ft 
fflLT2 0S«^T*n-K-*-6. C-h-fettifc, W 
&\$LZtltzYV?\sv bt LT, ^fcJixr'J >y blsis 
y(spl it - resin) ffit J; O^Sil*^ 'J 
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t>mti? ti<rmw<F>mx' 2 0 a v >%x zmo.m 

fcttS^XflriFytt. Shafts i:^ 3 «rffittli^< 

t(spiked) j # b^fcfflVvC^JSSilfcjr'Jif 
* ? - J: 0 , *fctt*7* U ? h U^yffifc J: •) 

[0504] ffl^«««Me»tt»{C*3^TU. £lfct'J 

o£T 0ffiffl£ft£S8£ ( C D R ) **Hftfca9E3 it 
[0505] (7>yA3K>) 

[0506] 2. ytvizruxj-vn-ettftcom. *v 
3'?n.tfK^sic, ^uMo^s-aafi ( n > , ? 
ts> yait < > h> > ( K ) . rT/'yyjsXVI-S 
> v > (S) *£ji£tfl>. 

[0507] ( *X>M ^(spiked) j3Hy) 

1. Hgffia*$±t^tta£#*&*y:Of*i'** 

30?)* ^tff-KWHfl- ( x) T-g-^Siut^S 
(m) cO^U3?^UJl-f-H^-fe-yh(CfcV>T. IR9 
( n ) £ MtH-t«$rOT^<]: ^ fc*$- : 
P= [m ! / (m-n ) n ! ]■ [x»] [1-X]«-". 
[05 08] 2. 3j-'JrfJf^U*f-Htf!)^lSOllB. OS 
#Y>V*mt. ffl«ffiilfc*t LT 1 0 0 %0&i£g£# 
■f*jKh;W»ferfetffcl 0 0-X%Ol-?O«HEfiJ:V 
X/3 %<0#M* <D 3 oflWB***"*- 6 # WHfcfflV* 
*. H-Ky/ (doping) 3Q*05«tt 

* n- 9 wca »t & ¥*r s y Kffiffl * fcttffiwr 

'J fiSr 0 & 6 . TfiMO 3 y tr * - ? -7' 

n^ATi^CyberDope^ML, .Iflti:. 

CyberDopeTo/^Wfty 
XH/-ya/'3t'-(j, cyberdope@ao 
1. com. ^E*-/WI*£i£4£fcfcJ:9f»ib*i» 
6. 

[05 0 9] (ffiWBfcaKy) 



vcd* y h *wtht&<r> i mummmzti 

(Kegler-Ebof), (1 994) Nu 
cl. Acids Res. 22: 1 59 3 (<Ift. 

\&fvmmwzmt ixmmztiz > •■) . 

[0 5 10] 2. :*>J:f*?U:*f-F<9£j£Oiafc. # 

[0 5 1 1 ] ■(ROtffcfrPCR) tifficDrat^^U 
^*J:#S*ftfcA<0. IW^PCRM ( Sa i 
kit. (1988) Science 239: 4 
8 7 <£*U±. *WB»+fc*#i:LTaW$fti) ) 

dNTP«£fcJ;tfMn +2 c9»l{±, £SaE&££L< 

[0 5 12] 1. 7r-yWSW3-f^« 
fcH***** 'J ^5 ^ Usl-f - V??A SrlSft-rS. 

[0513] 2 . HT«ORi6*lft3ef 6 : 
1 pmo 1 eCD&Tyj ~7— ; 1 pmo 1 eODNAf 
yy^-h : 1 OOmM NaCl, IraM MnC 1 
2 . ImM DTT, 0. 2 mM<73#d NNP, 2^(2 
cOTaq DNA-K'J>7— tf. 

[05 14] 3. «[ftS:S^5;^^^fS3. 

[0515] 4. lkbiT^7 7^>-h5rtilB-ri) 
fc«>C 9 4*C3 0S\ 4 5*C3 0f>\ fcJ;t/7 2*C3 
08tf>IHfc 2 4 S-t'f ?Mlf?. <t0*^7 7^y 
hfco^Tfi, 7 2°CcOIgS:, #kbtov^t*«»3 0 

[0516] 5 . ^£^#^H#£ii*f-|>fcft 
t. 7 2*C-C5-10*HPCRRiC*®fi-r*. Clix 

Ji. y?yx>hiki%-i) i mz-V7 7a--y7i l zmz 

[0 5 17] 6. PCRS:jSE5r. £-®tf5tT. 

[0 5 18] 7. PCR^S:. jiW^IHPSSrfflV-i 
T?«(tLT tt**S&ffflW-6 . MR7 7^yF5, 
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[0 5 19] 8. DNA-te^Vhfc. atSteAOaWJ 
i. 

[0520] (DNAyf/7yy/)DNAyt7 7 

flj («£lf . DN a s e I ) fcffl^T/I^&^y^A 
^^Of^f-fclflaafU iJc^T. PCR*Rfc ( L* 1 

HSHiSii*. BlUW&rnHE^H. 7VU- 7'J-r 

iiUil 0-5 0bpO7 5^yh^ffl$ixS*l 

[0 52 1 ] 1. PCR(i N x-v-y7/W$tLS7 7^ 

1t\tr^—9 fcttfu * LT P C RK£B£ft ( igffi 
?TL t^^^tH-K * l J:f.5??M-f-K7'7'r 

T-i o^nra&M^ttft (beat)n. 

2'C£X'tiimi. l~2#ft£)Taq DNA^'J^? 
— tefSrSaraU *LT9 4'C3 08\ 4 5"C3 0#, 7 
2*C3OS>£3 5 0. £UE$-<M?7UU -r LTfi#*W 

fc-9-yr;u*7 2x:-c54Maiji9ft-ri. (Br}g*5*tt 
2. awrr9-fv-*»i9i*<. r^-fT-tas^ttt 

[0522] 3. #j2~4;ug<0DNA£. 100/zl 
<7)50mM Tris-HCl (pH7. 4), ImM 

MgCl 2 ifT\ 0. 15lfi«DNase I (S 
igma. St. Louis, MO) Jffl^T, I 

SS&StL 2%®M^r^o-xy;P^7t«i#ffi!ft±T' 

a<^*8««ffl*«ttfflSJh.4i-cfi((-fb3&»t&. wa 

tfOv-v ••/ 7 'J y/ico^Tti. 1 0 0~3 0 0faSO7 
[0523] 4. J9rS<0DNA7 72O<>'r-<9?c#£<7> 

«h«±. 2 %im.^Tt'u-xy)vttz\immmi)^y 

)V&m.Ztl&.-ft&L\Xtm±. DNAcOjfffJCWha 
tman DE- 8 1 4 tfyXSUfcO/hSarBrfrfcffA 
U DNA£Cc0iffi£jg/9iJ\ *S£0. 5ml«01. 2 
M NaC 1 fc-atfTECAil. 3 OfMSMOl'f' ? ? * 

»U -?-LT2^J|(7)l 0 0%x^y-;^^DLT. 
DNA£&i$£-£6C:fcT*l> ; +r>T)V<r)<§mt-m 
Tti&V\ D.NAM/7 N£7 0%X?7-/U 



[0524] 5. DNA^7hJ, 0. 2mM«#d 
NTP, 2. 2mM MgCl 2> 50mM KC1, 
lOmM Tris-HCl (pH9. 0) > 0. 1% 
Triton X 1 0 0£3tfPCR mix(Pro 
mega, Madison, WI)4»"C\ l>z ICO 
PCR mixj,t^l0~30ng(7)77^yh 
<7)S8g (ftaWWl, 1 0~2 0 ai 1 OPCRRJEttfc 
f)100~600ng) f WmmtZ . 7y4~?-\,Z 

Taq DNAstflM?— • tf (Pr omega, Ma 
d i s o n , W I ) nfrtiK XWrttSRBmaufi ( 1 
0~50bptf)DNA75*O<VhT0. 7%£?) W 
Bfa8*l4«*tttW**l1»6. r^-7'J-fV^ 
(fflX-tf.. TaqfcitfPf u D 
NA^J^5- tf (S t r at age ne, San 
Diego, CA)«1 :30 (vol/vol )I 

fc*V*MWP C Rj6rari)6fc*& i: JHf»S*l6 . 9 4'C 

3 0#. 4 5~5 0*C3 0#\ 7 2*C3 0S»O3 0~4 
5*tA9lV<rM.. 4*CT^$iXl>7 , a^7A^. MJ 

Research PTC- 1 5 0 5— *M 7v — 
(Cambridge, MA ) tiHvCfSE-rS , - 

.X^T (smear) (CiJUTjEU >7C§ *^J^5* 

tr. 

[0 52 5] 6. JEKIfiliSilfciWJBKOPCR 
**S)£\ *SH8(^ (outside) 7*iM v-£-£fr 
»2«0PCRRJC^fc^Tti®1-|>. 7. 5AilOPC 
RUffliuDTUn-r-fc. 0. 8 pMOS-Tt^ 

■#tfPCR mi x.%m^X4 0m<£%i8tt&. 94°C 
3 0#, 5 0"C3 0# S 7 2"C3 0-4 5f>c02 0-<f-f 
^/K^PCRTn^AH^IbU mim^H 2'CX 

[0 52 6] 7. i9fSK0PCR£tt£, 

[052-7] nmtfmmt t i*. wiar. ta*^ 

7 U y^l" SfcftfclttfflSilft* .Cre/lox| 
(Waterhouse^ (1 993) Nucl. 
Acids Res. 21: 2265; Grif 
fithsfc, (1994) EMBO J. 13: 

3245 (cntii. mtixtmztih) 

Tfl nt»Srttffl-f&ifc*«r8i-C*4. 
10528] »fl:&DNA^P±-T4t&*5fiI=fc3CIIS 
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ackcrossljU, JJrS<OJOTfc^L*v* 

[0529] (mmm 1 5 . ^uz^mmmmm^ 

^oySr*tf7*5^5 FpG J 1 03 (Wang^ 
(1989) Bateriol. 17 1: 83 

Prof. Simon Silver (U. of 
Illinois, Chicago, I L) PkA 
#Lfc. PGJ 1 03 (pUC 1 9l t Z7n--y?$tL 
£p 1 2 58ar s^py$:^tf) Sr^OE. col 

1 TG1I1 LB ampri/-b±t4jug/ml 
tf)MIC («/hfflSF«S) £#LTVvfc. £5. 5kb 
C0?77,$Yv. DNase I5:ffl^T100-10 

erkin Elmer XL-PCRKlKSrJBlvtP 
CRfcJOBffcfcU:. fflift. r5X5F£* *M*£> 
MEWRBamH I fcffllvCfcHfcLfc. ^^7- 
Sr. 7^'D-^y;^^»IL. iBSU *LTE. c 
o l i TGiffllBBfcrxu? hD^Wy 3 yl/,\ ® 
WStSfl&r, -^effl^tit^hU^AjfiJK ( 10 
4, 8. 1 6mM) JifclTV— >?L, 

x LTft»^bittau<;u*^rt4ru- l o 

— f 4 y^Lfct^HilElBi:H-Tft->fc. 8. 1 
6. 32. 64mM&2EIBt«fflLfc ; ^LT3 2. 
64. 1 2 8. 2 5 6mM£3EB<9BtR£ffifflL!t. 
[0 530] S&^Sftte. 128mMiTOtlB 
(MIC = 2 56 ) T-HftflMLfc (6 4fgc7)K#) • 
K#$*l3ttt^^^lO«. TGI (ff£MpGGJ 
1 0 3 ) #1 OmMiT'SSft+TifSI-rS^ >-v 77 
/USftfcTGl (SiftpGJ 1 03) Ji, 15 0mM 
4 "Ceo hgMS«KT*d»r i - k Lfz . 
[053 1 ] ^<oatft<OPCRrn^5At± x 
-fcfflVYffc:. f-^a7-PCRJf^5:ffl^T9 4*C 

2 0S\ 5 0X (9 4°C1 5«\ 5 0'C1^\ 7 2*C3 
0»+2»/lM T*o3t. 

[05 32] 9iV<?rru±ZX\ i"*«/y)V%tl. 

»tt# 5 0-100 fg&# $ tLst ; KB Lfctf^n y 5: 
* ts%m\i . 5 0 0 m M i T C0 1 i£g £ WSffiT'iMJl 
Lfc. 

[ 0 5 3 3 ] Ell 9(±. bKfflUW®»^oy&*& 



PGJ 1 0 37°7X5 FOx* ^7Uy^SSII^LT 

[0534] (WP]16.afU^RWiSi 
tt£fl*f Sfcft*)^* -y 7 »J y^) *«SWW>fc«>^ 
^nySr^7 0 7X^FpYW3 3 3(4. ?KflW«^ 

=?- F-T4^< 1 i> 8o<0SKrP£*tf 1 5 . 
5kb^7'7X^ FT*0 (Wang^ (1 989) 
Bateriol, 171:83, ffl 
IXmmtlt ) K Prof. Sim 
on Si 1 ver (Univ. Illinois, 
Chicago. IL) frbX^Ltz. 4 0 0-15 

L-poR«mim^xne±Lti. «4$*ifcDNA 

OE. co 1 i TGlWlg&tfi&x.U? bv#U- 
S^y^flL «£\ 5-rbWBfco^TEa 
Sii/t^t JIiH<ornF3^TT\ -^KBl^K?) 
«MbM8 ( S i gma ) ±(;T7 6 V-7M y^Lfc. *« 
^Ofttt^M I C<±. 5 0— 7 0/xMT**-9fc. 
;t/^r7^5F^77'Jy^\ ^LT&5 0 

-7 ouMfrk i o o ouM£mzX7mizm-&'mw 
mvtt Lxnfeztitiimtntksitt: < 1 5-2 o» 
^ffi#) . 

[0535] {mmi7. A**yftftmffim<oWi 

an*cJ:S^-vv7yy^RJGott}5fi> 1MWDNA»7!> 

^ 7 u y^i*4fi^aj«=5riawj**i 

RW4J:5fc=fir&. £0>S£<OIWfcL y 
tt#BiSf^OSHraJ: 010, 00 Ofttt&SftfK 
(Pont iusfcilfBerg (1991 ) P N A 
S 88 : 8237) . H*»i»S«"C* 0 . -f-LT 

io B mxcommztmmDNAfrmiLix^&. z 

[0536] 1 5 k b <07^X 5 FcOffliRJEfcrfc «■& 
TMACtf)flHHk ^<E. col i^cOXU^Fn?KU 

[0537] 
[1113] 

TMAC (mM) JDZ-| 
0 3 
15 8 8 

3 0 3 0 1 

6 0 15 
9 0 3 

[0538] 1 5 k b <7>r5X 5 FOffliRJEfcfeW-5 
CATB^aSjSD. 8§<E. col i^xu^hu^ 

[0539] 
[3114] 



(fe8) )00-308490 (P200 0-30148 



CATB (mMJ 
0 

3 0 
1 0 0 

3 0 0 



1 5 5 
3 

3 4 
1 4 
0 

[0540] (£Affll8. 

RX? -y^Uy^ (stuttering) ) X?<y? 

:wt wo (te«tugisa< ) ^ ?mz 

< 94*01 5«\ 60TU 5») O10 

o^?;ur*o3t. 2^sij^opcrs:je^^K)$ 

(GFP s t op lfcit/GFP stop2)W 
*1/Wl£*tfl kbOPCR7?^Vh£»fc. GF 

ru-hemttzX-yXft&ZbifCZh. 5' 
?fm$tli*V3Z7)s**\!Ty4 V-Ji. Nhe 
Iffl{aSr*tf5' TAGC GGATCCTACCT AC 
CTGACGCtftO, 3' TffifflSilS^y^i. E 
coRUBffiSr^tpS' GAAAATCTTCTCTC 
ATCCT&4. PCRR/fifc. rV7V-hiLTl 
ng^GFP- a m V vt L . 

Taq PCRKKtttfflL#S^ «Mtt < p r o c 
e ss i v i ty ) SrfiTSiir&KO^^PCR^ff 
(Lenug, 1989; Cadwe 1 1 i$ «fc # J 
oyce, 1 9 9 2) Offiffite. GFP-^yf >f 7' 

[0 54 2] 9 4X1 0-2 08?, 6 0 c C10-3 0f£ 

0 5 0-15 0+M 9)V<ryx 9 v 9 V yfTafyJ* 
^ Stratagene Robocyc 1 er T'ffi 
fflLfc. JsfvfVyfZtltz (stuttered) 
PCRSft*. Nhe I ti Xt/Ec oR I Srffl^T^'ft 
U f LTNhe IfcitfEcoRIT'^kLfcpBA 
D 1 8^^^:;a^y/LIL, -f-LTE. co 

1 il:xu;bo^l/-y 3 yU fLTampri/- 
MC7°U-tM >'^L£<> GFP-^yf^^n- 
Vrt* 2 OOG F P - *#f ^ 7D N AE^ffl"C<0ffl»i 

t#feiitGFP-#xT-fy03n--0M^I±. 0. 



1 - 1 0 %Th 0 . ^ WMtfrfctfaW- 4 . 
[0543] ^jSMk?* . 5 -/BEfllfcaW 

^TH-O (ABE. c o 1 i ) 3 FVffiffl«K£Jflt* 

^Jy^tlUb^t&^th. *4o<0iBfi : FSr. 30 
606 0v-*>Jrfi3J:tX6o<04 0v-*»£>fi*4T 

<Itf)*a4S\ StemmerM 1 995;Gen 
e 164: 4 9 - 5 3') fc«t ( a 

s s emb 1 y) PC RfcJ: Ofrofc. fflift. itfirF 
£ s <??-pUC3 2 2 Sfi-BLA-Sfi 
(Stemmerfc ( 1995) Gene 164: 
49-53) OSf i u--y^U ^LT 

»ffi«tttfc:7V-T4 y^Lfc. 

#^e^01//gOCR>S^S:7 e --/l^-i).:h(Cj: 

i^t;or-/u;DNase 

I M-fteit/T^n-X^U^^o 1 0 0- 3 0 0 b p 
7 5^yh^«£ffr>fc. »!77^> h^ ft 

>f V— OffffiTTifiB Lfc. S t e mm e r (19 9 
4) Nature 370: 3 89-39 1 iCiO 
J^SEttSftfc J: 5 fc. ftMlfc^jai&Pfc S f 
i Ifcffl^vcfiMfcU ^LT»3rpUC3 22Sf i 
-Sf i^^-tolS&U tlxmMttcE. coli 

<036^8Etft» (-te7*?*W^tf) ±£7V- 

[0544] #ffilx*V 77'Jy/PC R7°D h 3 /Hi. 

«isi* t 8o-9ox*a^a&Foa^fcff* # 

»PCRI±. IKPP^ttDNA^»J^5--tf (fflRlf. 
DNA poll Klenow77^VMM 
■rS* **30PCR7'o^7^U. 10-3 0ng/ju 
lcOK 1 e now«#fflE+^75^yhfcJ:t^clNT 
PSr-ttf : 

1- ^149 4*02 OS? 

2- aae=flr?&a: K^7^XX?/-/U5fj\ *1 5 

3- K 1 e nowB*8sin 

4 - 7--/W/fa^ 2 # 2 5 °C 

6tcio--2 0^^;ua»t&» 
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[0545] mmmi 9. fi*77-yfarw 

7-f 75 'J -Wr 7 £je*j^iHFfc$l« 
■tSh hiii$iFv7l/-A7-? (V H 2 5 1-V L A2 
5) Sr. ^^xUTSWcS-fSIS^fco^T^aitRC 

5^^5»J-*»M#fc. ;t0scFv71/-A7-;^ 

CD R£*tr398<0A b 7 7-^54 7*7 'J-^fS^L 

[0 54 6] scFv®fs?£-£tfPCR&ftj£. DN 
ase limUzX^yyrMzyyy^yhitL. * 
LT50-100bp^75^Vh&»i!Lfc. £j£ 
:*»J:f*?M-f-F RiVWi, scFvf^-f 
fc# LTflRfc 1 9 b P £R$ LfcSESC D R ) 
Sr. 10: i^;HbT^y^A7 7^yh^3sSnL 

PCRfciS^^^yh^feHfflSLfco M1377 
-y^p I I I ?yJW^0)?v-->7'l f zX 9. 4 
x 1 0 7 r5-?»JS#fiW)Ab 7r-y7^f 77 'J- 
*«fetfc. aSRCDRfc^SCDRfcOffli^B:*. ^8 
C D RlzftmmKTyJ v-fcffl^fcn n - -P C R£ 
iOftfi^ftfc (H7 2r#ffl^fc) • 6o£TOSSB 
CDRrt\ 3 2-6 5%<0»*feJ:U r lEK*8>!?<?Dffi^ 

-frrrooaiiifc. SE»cDR<oawi*fefcJ:9. fi^ 

[0547] u^Ab7r^y7^f77 l J-^, 1 0tf> 

-7V-M^T-2E^JL (pan) . ^LT,r;/l£><0 
«W£>5fe7o**EL I SA^yf07o»>'^l: 

-CSFl/W-t*ofc. 

r-^^o-ycOl/4^ G-CSFUW-^ 

[0548] d<D^»&7°-;U£$fflLT. 3o<0li& 
SEWftWI^h?^- (TOPCR, so^* 

pcr. hxx/DUAi^^yy^jyy) com^zmm 

N A v * v 7 'J y 71 ± . 0iR £ A b 7 r - yOffl^ 
feil^G-CSFU-fer^-iftjlflqEL I SAy/t/P 
iOW*fct3^T, 7(&^iftSftSr>nL3t. jSJJiI (pan 
n i ng) &Si?>fc:6lM ?A^W\ *0c7>f4ts cF 
vitS^r-zUSri^ -y 7 U y/Ut • 3Sfl?<9* 1- 'J 

#£T\ PBS-Twee n*T5 0*0^200 1 H^H 
«c»tJ:0SB«fc*i*DS-fr3t. 3-8 mat. «ffl 
0 0A'- byhO^o-^EL I SA;K^fw7T* 



tt. EI3lfcS1-«t-5fc. ?yU2-8"C4 4 0{8te 
tt&DLfc. #IH4*<7)i/7£7)7r-y7n-y(l ft£ 

«4eli sAi/y+Mzte^xmunmnz^uz. 

Rtmfelt. scFv#«3 4 (n = 4)OT5 71g 

mztitz^xco&mzfrttUz. 

[0549] »ft«=flr«aEHttifl£aS*&fcftK, 35 
«^ifctt3*<0S^SE»£* 4 0te»»0^jS»fc:S 
»U:4JI3Rs c F viBfi?P£ffllvC21M ?;UML£ 
EL. a^T^hy^^x^hifflirt-iifcteiOlR 
Oftvvfc. MLXSSiifcscFvttittftrsyBSC 
i!W^18 (n = 3) t-Lfe - 

L£E£ft£Ab 7 r-x^u-yte. 3jtf3fc**^Wi 
fcJ»Stt"Ct hG-C S F ]y^zy°9— W^-f hztifi 
SSftfc. H3 2li. ^<o^hb^yA7II^ 
l 0@^iMtK^II£^f ; emco^-v v 7 >; y^£ J; 
t/2H£)ML3SI£ffo>fc. H3 3ti. «OPCR 
( r^^.y7;ULTV^^j ) . StWMtPCR, i 
fc»4Ra«E9»]ffl»i ( ^^7 7^1^1] ) Ol&O. 
BSA. Ab 179. £jfcliG-CSFU-b7"*-£ 

[0550] (idfeffl 2 o . mimmmmizmi g f 

P<9ft*ffc) 7°77^ K?^-pCMV-GFP (_ 
JUL GFP^n-FL^LTCMVTo^-?-^ 
»TWi£3S83tf4) TGlfflfirtTWIS 

[0 55 1 ] 7°7XS KS\ 7of^+-b:Kaifcli 
PreTaqSfGi bco/BRL) fcj: 0 . FAC 

saR**ut-ifttt»aT g i ate^i/x^a- l 
fc. s*wti±. FAcsHJDaieiBSra^Kfcio^ 

fcJ±Pr eTaqtOV^-ffLA^t^f y^A^-h 7x 

AmpTlz-hCriz-f-f y^LTto ISft*±: 
7 c nx^t--t£Kfe: &Affl-5xi0« UX^r^- 
3x 1 0 4 

PreTaqa:tSAft-5X10 4 I/X^tjl- 2X 
1 0 4 . 

[0 5 52] l/X^r^-^ii7t:7 0 77.5 FSr*»S*. 
fLT5^g^DNase I Srffi^TSS^WtJHft 
L. ^LT50-700b P c7)77^yh^yVU»t? 
L. x^7-;^jiL. ^-LT330>uic7)3. 3xP 
CRHSffiL 44A£l Mg (OAc) 2 (Perki 
n-Elmer), 193jul 4 0%PEG. S0x/ 

1 lOmM dNTP, 2 0 ju 1 Tth^»J^7- 
-t:\2jul Pf u^'J^7— fe\ 7jLt 1 TM AC 

(Sigma), &J;tf3 6 7ju 1 HjO+fcBSS 
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Lfc. PCR2\ MJ Research PTC-1 
5 0$-"!M ?7—X\ 3-fe7K0r7^fv-SI^t 
4 ( 9 4*C. 3 0# : 5 0*C, 3 Of> ; 7 2 

XT. 6 0#)fr^ ^fltJ;0 3-?c7)*igfiSPCR7 

Fo^-xgyU:. 7*7 X 5 K D N A SrPISl L .. -?• 
UCHO»(:xu?hu^u-y 3 yLit. iti. 

1. Holland, J. H. (1992) Sci. 



[0553] *36BHI±. SHKrSQWt****. 4>fil> i> 
0!(clWR3<i^iik36»l!»Sii4^-Cft6. 

[ 0 5 5 4 ] JaT«##*fMi. *R3H 

[0555] 
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2. Holland, J. H. (1992) "Adaptation in natural and artificial 
systems". Second edition, Mir Press, Cambridge. 

3. Joyce, G. F. (1992) Scientific American, December, SC— 97. 



[05 56] 



1*16] 
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NA. RNA*fcli*VA?K*5J:3$:*Sfc*W«rH 

muz* ix*imz*ixMt& jyvm 

4. 

[01]01t±. SSWHfctti^^'J^fcKO* 1 * 

77'J-; (b) nai«Wftttffl?KtJV^T»RafL 
fcEWW-yW ; ( d ) SfflKSftfrE^Jo-r yt'hnfc 
tiW-SfflJU ( r x-vy7'J>'^j ) ; (f ) 

C07-;W; (c) mVtfhKPCR; ( e ) mWhKc 

p c r^<7) 2 in g comm'immzm ^ mtztvasst 

[02]02ti. 10bp-50bpiO7^A77/ 
X>Vfrt>ff>l. Okb LacZa,t^ : F7 7^y 
KcQgifflfr (reassemb ly) Sr^-r^*T'S> 
4. (a) LacZajte^^^rSPCRtiiULTty 
;UDNA7 7/>>h«0?I. (b)DNAseUffb 

JtLacZa Jlg^ D N A 7 7 ^ > b L • 1 
0bp~5 0bp«DNA77^>h«y/K^S : 

( d ) tg^£;hJtgcWM 7;l^DNAHift£&<9 1 0 
bp~5 0bpCODNA75^><>'bwy;K7)^ ; 

(e ) r7^-£ffl^PCRCi4il1g»Offl$;i 

[03A]03A(i, LacZaJlg^JlihnHyS; 
Mft:fc«};tf*ilfeODNAffi^85$0'C&4. Eftff 

tfLTV*4. r+jfcL Iteiia&FfcjSU *l/C 

r-j UilCrFt:tJ»t63BM5ffl**i-. 

[H3BJH3BI1. LacZaWsTtOfcitnHJ'SB 
SftfcJ:y f 'e<itWDNAffi5i|eofl6*llf*S. Eftft 
Ofl^tMSPligHT'*) 9. LTiK. Kit 
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- b ae^ ( h ) t^mmmmi^-m^mx'h 

[ft 2] 

r i j , 



[05B]05Bl3. E. co 1 ic7)3h*yffiffl^Jg 
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fco^T7°747-£ffli^4PCPa::J:m5E*it4C 
DRlfA*^-rm5t0t'J)4. (D) Ji. #e£<: 

d Rnx^<rmxmi xi^^^-f w^mx'hh .. 
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-•M iwWis c F vtjt^^*f)i:*^a#ci^-^& 
flStt£Srf777-C*4. 
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- S f i itfeflRafcrtti 4 Vh'sKTW?* 5 
Hrt<Offlfti. *ttffcl»WMri8 5 WHS? 
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Pi%m-tmmuzmm^±m. wt GFPotei; 

^OT»ttT**S. ft»fci*A*+K*>SGFP{i5l 
[017] HI 714. »£SGFPfcJ«-& % 
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